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PREFACE. 


the  preparation  of  this  volume  my  aim  has  been  to 
supply  a  text-book  of  moderate  dimensions,  giving  all  the 
information  with  which  the  student  and  the  practical  miner 
Bhould  be  familiar.  In  order,  however,  to  economise  apace, 
I  have  had  to  omit  reference  to  many  appliances  whicli  have 
become  obsolete  from  their  antiquity,  or  by  reason  of  theii 

I  failure  in  practice. 

I  Although  it  is  impossible  within  the  limits  of  the  book  to 
furnish  exhaustive  descriptions  on  all  points,  yet  the  details 
of  general  colliery  work  have  been  fully  described,  on  the 
ground  that  collieries  are  more  often  made  remunerative 
by  perfection  in  small  matters,  tlr^r.  by,  bold  dtrokes  of 
en^eering.  All  modern  collieries  are  practically  identical 
so  far  as  general  machinery  and  arrangem^tif^.a^  ■sonic'^rned; 
nevertheless,  it  frequently  happens,  in  p^ticu}ar  lo'rsJities, 
that  the  adoption  o(  a  combination  of  sitiall  improvements 
any  one  of  which  viewed  separittely  may  be  of  apparently 

I  little  value,  turns  an  unprofitable  concern  into  a  paying  one. 
At  the  end  of  each  chapter  will  be  found  a  carefully 

I  selected  list  of  Memoirs  in  wbich  fuller  information  can  be 
sought     Tbia  will,  it  is  hoped,  prove  a  novel  and  useful 
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feature  in  a  treatise  on  coal-mining,  for,  scattered  through 
the  pages  of  the  Transactions  of  the  Mining  Institutes^ 
numerous  valuable  papers  exist ;  but,  owing  to  the  lack  of 
general  indexes,  they  are  unfortunately  not  consulted  so 
much  as  they  deserve  to  be. 

All  the  figures  elucidating  the  text  have  been  specially 
drawn  for  this  work,  the  majority  having  been  reduced  from 
original  working  drawings. 

In  conclusion,  I  have  to  express  my  cordial  thanks  to  the 
many  friends  who  have  rendered  valuable  help  in  the 
preparation  of  the  work.  Especially,  I  am  indebted  to  Mr. 
B.  H.  Brough,  Assoc.  E.S.M.,  F.G.S.,  Mr.  H.  G.  Graves, 
Assoc  B.S.M.,  and  Mr.  H.  F.  Bulman,  for  important 
suggestions  and  able  assistance  while  the  volume  was 
passing  through  the  press. 

HERBERT  W.  HUGHES. 

CONBTOBB  COLLIEBT,  DUDLBT, 

JSqttember,  1892. 
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So.sKqx^'jeI  ^time  has  elapsed  since  the  issue  of  the  First 
Edi^o)l|jA£a&*an]t.^x^ensive  alterations  in  the  text  are  not 
required ;  but  opportunity  has  been  taken  to  correct  a  few 
literal  errors,  and  in  several  cases  to  make  additions.  Four 
of  the  figures  have  been  redrawui  and  the  Bibliography  has 
been  extended. 

H.  W.  H. 

Dudley, 
May,  1893. 
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CHAPTER  L 

GEOLOGY. 

The  Study  of  Geology  may  be  divided  into  two  parts,  one  of 
which  treats  of  inorganic  matter,  the  laws  to  which  such  matter  is 
subject,  and  the  chemical  and  physical  changes  through  which  the 
crust  of  the  earth  has  passed ;    the  other  deals  with  kad  inves- 
tigates the  order,  character,  and  succession  of  organic  life,  and  the 
relation  which  the  various  forms  bear  to  each  other.     As  no  written 
records  exist,  which  go  back  to  the  remote  times  when  life  first 
existed  on  our  globe,  the  geologist  has  interpreted  the  changes 
which  have  taken  place  by  careful  observations  of  phenomena 
met  with;  and  as  histories  of  extinct  races  have  been  built  up  from 
the  interpretation  of  hieroglyphics  on  monuments,  so  by  similar 
results   has  the  order  of  succession   of  geological  strata   been 
established  from  observations  of  the  life  forms  preserved  in  a  fossil 
Ktate  in  the  rocks  which  constitute  the  crust  of  the  earth. 

Bocks. — By  this  term  is  meant,  not  only  large  masses  of 
coherent  matter,  as  limestone,  which  build  up  mountains,  but  also 
the  soft  and  loose  gravels,  or  clay,  which  are  found  associated  with 
them. 

Classes  of  Books. — Rocks  are  divided  into  three  classes — 
tqueous  or  stratified,  metamorphic,  and  igneous  or  ejected. 

Aqueous  and  Metamorphic  Bocks. — These  are  made  up  of 
Rgular  beds,  or  strata,  and  are  probably  all  produced  from  the 
denudation  of  igneous  rocks,  although  they  appear  to  differ 
greatly  from  them.  The  great  agent  of  disintegration  is  the 
atmosphere,  and  the  rain  wfach  is  precipitated  from  it. 

Igneous  Books. — These  rocks  may  be  broadly  divided  into 
four  divisions,  according  to  the  quantity  of  silica  they  contain. 
First,  they  are  separated  into  acid  and  basic;  a  third  class  is  formed 
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of  rocka  containing  an  intermediate  amount  of  siliwi ;  while  last  of 
ull  there  ia  a  Email,  but  impuitiint,  claas  called  "  ultra-basic."  To 
the  acid  type,  containing  on  an  average  about  74  per  cent,  silica, 
belong-  granite  and  porphyry ;  while  the  basic  type,  containing  a 
average  of  go  per  cent,  silica,  is  represented  by  gabbro  and 
basalts.  The  intermedial*  class  (syenite,  dioi-ite,  and  some 
obsidians)  contain  on  an  average  60  per  cent,  silica  (the  ultra-baaic, 
39  per  cent,  eilica)  and  a  high  proportion  of  alkaline  earths  and 
oxide  of  iron.  Glassy  varieties  are  common  in  the  acM  series, 
rarer  in  the  intermediate   series,  and    still   rarer  in   the   basie 

Stratification.— When  the  fragment';  are  large,  the  stratifica- 
tion, or  be<liling,  is  very  imperfect,  but  if  the  particles  are  small,  it 
!s  very  perfect. 

Lamlnee. — When  we  have  very  clof*  stratification,  and  get 
the  thinnest  paper-like  layers  in  the  pknea  of  deposit  of  a 
stratified  rock,  it  is  said  to  be  laminated. 

IntrusiTe  Rocks. — These  are  sometimes  great  masses  forced 
up  through  the  Murroimding  strata  in  no  definite  direction,  or  f 
•{oently,  intrusive  matter  is  forced  along  definite  planes,  forming 
dijke»,  where  the  sides  ore  fairly  parallel ;  a  good  example  of  thi» 
is  the  great  whin-dyke  of  the  North  of  England  coal-field,  which 
proceeds  nearly  ninety  miles  in  a  sti-aight  line.  These  intrusions 
were  originally  forced  into  their  present  position  in  a  molten 
condition,  evidence  of  which  is  afibi-ded  by  the  way  they  have 
altered  the  adjoining  strata,  coal  seam.'i  in  many  instances  being 
charred  and  rendered  worthless  for  several  yards  on  either  side. 
It  may  happen  that  only  the  upper  side  of  the  stratilied  rocka 
below  the  igneotis  bed  will  show  signs  of  baking,  from  which 
it  is  seen  that  the  Inva-fluw  was  contemporaneous  or  interbedded  . 
with  the  rocks,  while,  if  both  the  upper  and  lower  surfaces  of 
the  beds  ure  affected,  the  lava-bed  was  certainly  intrusive. 

The  rocks  of  the  globe  pi-esent  very  difierent  appearances  to  the 
gravels  and  sands  which  are  formed  every  day  on  our  sea-shores 
and  at  the  mouth  of  rivers.  All  the  stratified  rocks  have  beea  ' 
originally  deposited  in  a  manner  similar  to  that  now  goin^  on,, 
but  changes  have  taken  place  in  them  subsequent  to  formation. 

I.  Induration. — In  the  depths  of  the  earth's  crust,  by  the  long- 
continued  pressure  of  "miles"  of  strata  above  a  bed  compos©'' 
of  finely  divided  particles,  the  eflbct  is  very  great.     In  this  wi 
muds  pass  into  finely  laminated  clays,  and  finally  into  shal 
The  e&'ect  of  induration  is  well  sho^ii  in  the  white  limestone 
Antrim,  which  was  originally  formed  in   the  same   manner 
the  English  chalk,  but,  owing  to  the  superposition  of  at  I 
zooo  feet  of  basalt,  has  been  hardened   into  a  hard  splii 
rock,  showing  no  trace  of  chemical  action.     Indui'ation  is, 
ever,  greatly  aided  by  chemical  action,  the  particles  forming 
rock  being  cemented  together  by  substances  deposited  from 
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tJdn  in  water.  At  great  depths  the  rocks  are  uniloubtediv' 
Giturnt«d  with  wat«r,  Ewd  thin  foi-'ilitates  the  deposition  of  maU-- 
riols  round  the  rock  particles,  or,  as  in  the  case  of  limestones, 
itc,  the  solution  of  some  of  the  rock  materials  themselves,  which 
are  afterwards  crystallised  out  from  their  solution  in  the  water. 
DijiDt^gration  usually  undoes  all  this  work ;  the  cementing  mate- 
ria] first  yields,  is  removed,  and  the  particles  of  the  rock  are  set 
free  again. 

2.  SagPegation.^ Again,  Hegregation  may  Iw  going  on,  par- 
ticles of  the  rock  separadng  from  the  remainder  and  segregating 
together,  this  being  especially  well  seen  in  limestone  containing 
silica  ;  the  particles  of  silica  are  drawn  together  by  this  action, 
forming  the  flints  and  cherts  of  the  chalk. 

Foaailisation. — This  is  merely  a  case  of  segi-egation  i-ound 
organic  mat(«r.  In  many  clay  ironstones,  the  nodules  of  iron 
have  been  formed  by  the  segregation  of  the  mineral  round  fossil 
remains,  and,  on  breaking  open  the  nodule,  the  fossil  is  found 
inside,  generally  in  a  beautiful  state  of  preservation. 

Inclination  of  Strata. — Generally  speaking,  stinta  wore  laid 
down  in  a  horizontal  position,  this  being  shown  by  the  tie  of 
(Kbbies  in  rocks,  and  by  the  position  of  fossil  trees.  It  is,  however, 
very  rare  to  hnd  the  beds  retaining  thispasition,  though  the  folding 
may  be  of  the  slightest.  If  a  bed  is  at  oil  inclined,  it  must  reach 
the  surface  somewhere,  and  the  space  where  this  happens  is  said  to 
be  the  outcrop  of  the  bed.  The  nature  of  the  outcrop  and  its 
icidtli,  depend  on  the  thickness  of  the  bed  and  the  tiegi-ee  of  inclina- 
tion ;  iti-annot  be  leas  than  the  thickness  of  the  bed,  and  is  wider, 
the  smaller  the  angle  of  inclination. 

in  order  to  define  a  bed,  two  things  must  be  known— first,  the 
direction  in  which  the  inclined  bed  reaches  the  surface,  and  the 
inclination  of  the  bed.  The  angle  which  beds  make  with  the 
borizon  is  called  the  dip,  and  the  line  in  a  horizontal  plane,  the 
tlrikt,  the  latter  necessarily  being  at  right  angles  to  the  dip. 
Wl>en  the  surface  of  the  ground  is  horizontal,  the  lines  of  outcrop 
and  strike  coincide,  but,  if  the  strata  are  inclined,  the  outcrop 
is  inclined  also ;  the  strike  is  always  horizontal.  Angles  of  dip 
are  usually  measured  by  an  instrument  called  a  clinometer,  but,  in 
doing  this,  care  must  be  taken  to  distinguish  between  the  true 
and  appai-ent  inclination ;  the  latter 
can  never  be  greater  than  the  former,  Fii.  i. 

ft^nt  it  may  he  less  to  any  amount. 

H^ilPhen  the  strata  are  bent  in  arohes, 

^{iqr  are  said  to  have  a  synclinal  fold, 

It  when  the  arch  is  downwards ;  an  anti- 
clinal, when  thearch  is  upwards  (Fig.  i); 
when  the  folds  are  small,  they  are  called 
troughs  and  saddles  respectively. 

^^yaullB. — When  the  pressure  i«  too  great,  or  is  applied  suddenly. 
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or  if  the  rook  i-efiist«  to  yield,  and  theu  breaks,  instead  of  b6ndiii.__. 
a  difllocatioa  is  obtained ;  the  divided  seg^nenta  are  thrown  out  of 
level,  and  do  not  &t,  one  side  being  higher  than  the  other.  Tbie  ia 
called  a  fault.  In  mining  districts,  eucb  term  is  applied  loosely  to 
anything  which  interferes  with  the  seama  that  are  being  worked. 
Generally  speaking,  wlien  contortionH  of  the  strata  are  numerous, 
faults  are  few ;  and  ti tee  vtrad.  The  position  of  every  fault  is 
defined  by  two  directions,  aa  in  the  case  of  beds ;  the  strike  of  a 
fault  is  spoken  of,  but,  in  the  place  of  the  word  "  dip,"  tbe  term 
ha<U  in  employed,  this  being,  however,  the  inclination  measui-ed 
from  the  vertical.  To  determine  a  fault  accurately,  it  is  necessary 
to  know  two  other  tilings — (i)  which  side  is  throw-up,  and  which 
ia  throw-down  ;  {2)  the  amount  of  displacement.  The  former  is  in 
the  majority  of  instances  easily  determined,  as  faults  usually  hade 
or  incline  towards  the  down-throw,  so  that  in  driving  roads  under 
ground,  if  the  fault  is  first  met  with  in  the  roof  it  is  a  down- 
throw, while  if  struck  on  the  floor  first,  it  is  an  tip-throw.  Again, 
rocks  before  breaking  usually  yield  to  bending  a  little,  and  such 

signs  are  very  useful  to  the  miner,  especially 
Fig.  a.  where  the  hade  of  fault  is  nearly  vertical  (Fig.  2). 

■"      No  rule  can  give  tbe  amount  of  displacement,  na 

sometimes,  when  the  hade  is  small,  the  throw  ia 

*  large,  and  at  other  timen,  with  a  similnr  hade, 
Eeeij      the  displacement  is  small.     The  throw  of  faults 

•  isalways  measured  vertically,  and  may  be  variable 
at  different  points,  often  changing  fi-om  a  few 

feet  at  one  end  to  hundi-eds  of  yards  at  the  other.  In  addition, 
there  is  often  a  variation  in  tbe  throw  of  the  same  fault  at 
different  levels.  Wlien  tbe  amount  is  small,  they  are  called 
hitches,  troubles,  or  slip. 

Keversed  Faults. — It  has  been  observed  above,  that  ordinary 

faults  incline  to  the  down-throw,  but  in  rare  instances  they  incline 

towards  tbe  up-tbrow,  and  are  then  said  to  be 

*  ^  overlap  or  reversed  faults  (Fig.  3).   The  most  note- 

7  worthy  of  this  class  in  our  o\vn  country,  is  the 

"-    "]  overlap  fault  of  the   Somerset  coal-field,   which 

/  occurs  in  the  Countess  Waldegrave's  colliery  at 

jf~  Radstock  ;  by  it,  the  seams  of  coal  are  doubled  for 

/^  a  breadth  of  about  150  yards,  the  alteration  in 

level  umounting  to  44  yards. 
The  dislocated  walls  of  a  fault  are  often  in  contact  tvith  each 
other,  but  frequently,  especially  when  the  beds  are  of  varying 
hardness,  spaces  are  left  between  tille<:l  with  broken  fragment 
which  have  been  removed  from  the  adjoining  rocks.  The  dis- 
tance across  a  fault  may  therefore  vary  from  a  few  feet  to  many 

When  the  rocks  are  very  hard  and  the  fault  is  a  clean-cut  one, 
we  get  a  remarkable  polishing  of  the  sides,  known  as  "  slicken sides," 


ii]t<s,  each  having 
uipb  of  this  if 
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caitned  by  the  enormous  pre§siire  of  the  rocks  on  each  other  duriug 
the  diaplacement  of  the  beds. 

Trough  Faults.— These  are  Cttused  Ijy  tv.-o  fnii 
a  down-throw  towanis  the  other.  A  very  good  e 
the  Dudley  Port  Trough  Fault,  of  the  South 
StaBbrdshJre  coal-field  (Fig.  4).  Here  two 
fuulta  are  separated  from  each  other  by  lialf 
(I.  miJe-^one  a  down-throw  to  the  south, 
»nd  the  other  a  down-throw  to  the  north. 
Each  hades  towardd  the  other,  $0  that  they 
meet  at  no  great  depth,  and,  ar:  the  throw 
is  equal  and  opposite  at  the  point  of  meeting, 
no  dislocation  takes  phice. 

Cooformable  and  Unconformable  Strata^^Subsidence  Laa 
ttiken  place  in  all  times,  but  when  this  action  was  uniform,  bed 
succeeded  bed  in  regular  oi-iler,  ajid  produced  whiit  are  called  con- 
formable strata  (Fig.  g).  When,  however,  the  beds  were  tilted  up 
before  the  succeeding  layer  was  deposited  on  them,  or,  as  in  manf 


Fig.  s- 


^^Bwrtanoes,  the  older  beds  were  in  addition  denuded  or  worn 
^^Kiny,  the   strata  are  said  to  be  unconfoi-oiable  to  each  other 

Joints  in  Books. —  The  bedding  of  a  rock  is  produced  diuing 
deposition,  but  there  are  other  parallel  structures  produced  by 
forces  acting  on  it  subsequent  to  formation.  One  system  of 
divisional  planes  running  through  most  stratified  rocks,  and  which 
is  entirely  independent  of  the  bedding,  is  tliat  coiled  joints.  There 
are  generally  two  systems  of  joints  at  right  angles  to  each  other, 
one  better  develops  than  the  other,  the  first  being  called  the 
master  joints,  nnd  the  other  the  secondiiiy  joints.  These  joints 
tend  to  break  up  what  would  otherwise  be  n  continuous  ma^ 
into  rectangular  blocks.  Sandstones,  granites,  and  locks  which 
do  not  easily  tmdergo  solution  in  water  bate  cloKed  joints,  while    . 

»]imestoDes,  &c.,  which  ai'e  easily  soluble,  have  open  joints.  The 
{oroe  which  produced  these  divisional  planes  must  have  been  very 
great,  for  pebbles  of  quartz  lying  in  the  dii'ection  of  the  joint 
plauee  are  always  found  split  right  through.  Not  only  do  sedi- 
mentary rocks  exhibit  jointing,  bitt  snuie  igneous  I'ocks  frequently 
poonecn  this  structure  in  a  marked  dcgioe.     Generally  the  joiut^ 
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ore  very  irregular,  but  many  igneous  rocks,  eepeciully  basaltSf-' 
have  developed  columnar  jointing.  TLe  retieou  for  a  rock  splitting 
into  columnar  structure  is  not  hard  to  discover ;  a  moss  of  fused 
matter,  on  cooling  down,  tends  to  split,  and,  if  of  large  extent,  has 
no  special  form  to  follow,  and  therefore  divides  into  the  eafiieEt 
forme,  either  the  triangle,  square,  oi'  hesagon.  Three  crucke  only 
are  required  for  thu  latter,  eo  hexagonal  columns  are  generully 

The  divisional  phmes,  called  rJ-eal  by  the  miner,  which  run 
through  coal  nearly  at  light  angles  to  each  other,  and  subdivide  it 
into  rectangular  fragments  of  vaiyiiig  size.are  referable  to  jointing, 
but  it  differs  from  ordinary  jointing,  inasmuch  as  it  is  carried  to 
small  subdivisions. 

Cleavage. — Under  the  influence  of  great  pressure,  the  poi-ticle^ 
of  which  a  rock  is  composed,  which  usually  hiive  a  long  and  short 
axis,  tend  to  re-airange  themselves  along  the  line  of  leant  resist- 
ance, thereby  imparting  to  the  rock  a  fissile  structui'e,  knoivn  to 
the  geologist  as  cleavage,  extending  over  large  areas.  Coarsely 
grained  rocks  never  exhibit  cleavage;  it  is  best  developed  in 
argillaceous  rocks,  altered  clays,  and  shales.  As  a  rule,  when  & 
rock  is  cleaved,  it  loses  its  power  of  splitting  along  the  bedding, 
the  latter  being  completely  obliterated  by  the  force  which  pro- 
duced the  cleavage.  Nodules  and  fossils  wliich  are  included  in 
cleaved  rocks,  ai-e  altei-ed  and  distorted  in  a  curious  manner. 

The  order  of  succession  has  been  divided  into  four  great 
divisions— ( I )  nrchBeon  ;  {2}  palasozoie,  or  primary ;  (3)  mesozoic,  or 
secondary;  and  (4)  cainozoic,  or  tertiary;  to  whicli  is  sometimes 
added  the  quaternary,  or  recent.  These  divisions  are  split  up 
into  systems,  each  system  into  foi'matioas,  which  usually  receive 
the  name  of  places  where  they  are  well  developed,  and,  finally,  the 
formations  are  subdivided  into  beds,  characterised  in  many  in- 
etancee  by  certain  fossils  being  always  associated  with  them. 

The  following  summai'y  shows  the  classification  at  present 
adopted  : — 


OAIJtOZOiC,     Pliocene. 

OK         ■<  Miocene. 

Tebtiaky.     Oligocece. 

I  Eocene. 
UesozoiC,    r  Cretaceous. 
Bbcokdaby.  (TriasF^ic. 


Fermiao,  or  d;as.  f  Upper,  middle,  and  lower  coal  measures. 
Carboniferous,      ]  Millstone  grit. 
Devonimi,  (Carboclferoua  limeitone. 

Dpper  Silnrian. 
Lower  Silnrian. 
Cambri.tn, 
-  Crjstallirie  rocks,  ficbiets.  Ac. 
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It  must  be  observed,  that  these  formations  rarely  eticceed  each 
other  in  the  regular  order  given  ;  brenJu  ocuur,  CHueed  by  iiieta- 
morphi^in  and  denudation,  or  by  original  non-depoiiition  owing  to 
local  circumstances,  and  only  by  observtitions  at  numerous  places 
has  the  order  of  succession  been  estubtishetl. 

The  co^-miner  is  more  interested  in  the  carboniferous  forma- 
tion, that  being  the  one  in  whii'h  beds  of  coal  occur  to  the  greatest . 
«xt«Dt  all  over  the  globe,  In  this  country,  with  oDe  or  two  small 
and  rare  exceptions,  the  whole  of  the  coal  mined  is  extracted 
from  beds  of  the  carboniferous  stiHta.  The  greater  part  of  the 
coal  measures  of  Europe  and  the  United  Stat«s  also  belongs  to  the 
carboniferous  ^stem,  but  in  the  lattflr  countiy  large  deposits  of 
cobI  occur  in  the  cretaceous  formation,  while  a  large  portion  of 
the  New  South  Wales  eonl  belongs  to  the  ti'iiissic. 

Carboniferous  System  in  Britain. — This  ia  divided  into  the 
following  members  ; — (i)  The  Coal  Measures,  consisting  of  beds  of 
shale  and  sandstone  varying  in  thickness  from  200  to  1200  feet, 
>nd  containing  numerouit  beds  of  coal.  The  coal  meiksure^  proper, 
mny  be  further  subdivided  into  upper,  middle,  and  lower  divisions, 
«ach  of  which  possesses  characters  moi'e  or  less  peculiar  to  it ;  no 
■bnrp  line  of  demarcation  has,  however,  been  yet  satisfactorily 
celablisbed  between  them,  each  passing  insensibly  into  the  other. 
One  petuliarity  of  the  upper  coal  measures  is  worth  noticing — 
namely,  the  occurrence  in  them  of  thin  beds  of  a  fresh-water  lime- 
stone, containingimmense  numbers  of  asmall  shell  called  thei6^/>iror- 
bu  carboiiariva,  from  which  the  beds  are  called  spirorbis  limestone, 
(>)  The  Millstone  Grit,  consisting  of  coarse  nandstones.  This 
received,  in  the  South  of  England,  the  name  of  the  "  farewell 
rock,"  as  it  contains  no  coal  scams  in  that  part  of  the  country. 
This  rule,  however,  does  not  apply  to  every  district,  as,  in  the 
North  of  England  and  in  ScotlFUid,  beds  of  coal  and  shale  are 
found.  (3)  The  Otwhoni/eroua  Limestone  contains  in  Scotland  thin 
beds  of  ooal.  TJiis  portion  of  the  carboniferous  system  is  built  up 
of  thick  beds  of  limestone  of  marine  origin,  full  of  the  remains  of 
Animal  life. 

Fossils. — The  coal  measures  contain  in  varied  abundance  the 
reinjtins  of  luxuriant  vegi-tation.  As  an  example,  may  be  cited  the 
oci'urrence  of  the  plant  known  to  the  geologist  aa  Lejiidodendron, 
which  attained  dimensions  of  from  40  to  60  feet  high,  and  several 
feetioiameter.  This  plant  is  allied  to  tite  lowly  club-moss  of  the 
prei^t  time,  whose  height  does  not  exceed  a  few  inches,  Another 
example  that  may  be  I'eferred  to,  is  the  jointed  and  fluted  stems 
cftlled  Calamitrs,  represented  in  our  fields  and  marshes  by  the  eywt- 
Klum,  or  horse-tails.  Portions  of  ferns  are  very  abundant,  some 
of  which  attained  enormous  dimensions.     Remains  of  the  stalks 

t^rachis)  of  ferns  have  been  met  with,  measuring  in  their  compressed 
■late  5  feet  across,  and  Grand  'Eury  describes  the  frond  of  a  fern 
IBeuunng  t6  feet  long.     The  classili cation  of  these  fema  haa 
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always  preeented  difficulties  to  the  botanist,  owing  to  the  fragmen- 
tary manner  iu  uhich  they  are  found,  but  recent  researches  of 
Williamson  and  Kidston  in  our  own  country.  Grand  Etuy, 
Schimper,  Zeiller,  and  Stur  on  the  Continent,  and  Dawson  and 
I^squereux  in  America,  have  greatly  extended  our  knowledge  of 
a  most  fascinating  branch  of  geology,  and  one  in  which  the 
mining  student  is  most  directly  interested.  A  knowledge  of  the 
flora  of  the  coal  measores  is  essential  to  any  one  searching  no- 
known  districts  for  indications  as  to  coa]-l>earing  rocks,  and  it  is 
not  too  much  to  say,  that  vast  sums  of  money  have  been  thrown 
ftway  in  fruitless  attempts  to  prove  coal  to  esiat,  where  a  little 
knowleilge  of  the  fossils  of  the  carboniferous  formation  would 
have  at  once  tihawn  the  uselessnesB  of  any  Eearcb.  The  classitica- 
tioii  of  these  ferns  has  until  lately  been  quite  arbitrary,  fuim  of 
leaf  and  aiTongement  of  nerves,  being  the  points  usually  relied 
on.  Living  ferns  are  referred  to  theii'  several  classes,  by  the 
arrangement  of  their  fructifications,  which  are  usually  borne  in 
small  rounded  dots,  called  sort,  on  the  back  of  the  leaflets.  Much 
knowledge  has  recently  been  gained  of  the  fructitications  of  foestl 
plants,  and  hence  a  more  reliable  classification  is  the  result. 
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CHAPTER    II. 

COAL. 

Definition  of  Co&l. — The  question,  "  What  is  coal  I "  appears  a 
very  simple  one  to  uDswer,  but  that  such  is  not  the  case,  was  proved 
by  the  nowhistoricaltawsuit  over  the  Torbane  Hill  minent]  in  1853. 
The  owners  of  the  Torbane  Hill  estate  had  leased  all  coal  contjiiued 
in  it,  and  in  tlie  course  of  working,  the  lessees  extracted  a  com- 
bustible material  containing  a  large  amount  of  gas.  The  lessor 
claimed  that  this  minei-al  was  not  coal,  and  disputed  the  right  of 
the  lessees  to  work  it.  A  trial  resulted,  and  geologists,  chemists, 
and  gas  engineers  gave  evidence  on  both  aides.  In  summing  up, 
the  judge  remarked,  that  "  to  find  a  gcienti£c  definition,  after  what 
has  been  brought  to  light  within  tbe  last  few  days,  is  impossible." 
For  our  purpose,  coal  may  be  defined  as  a  solid  stratLSed  sub- 
staoce,  capable  of  undergoing  combustion  in  contact  with  oxj'gen, 
not  containing  sufficient  eai-thy  impurities  to  prevent  its  being 
Rpplied  as  a  source  of  heat  in  furnaces  and  fireplaces,  and  ^'arying 
m  ooloiir  from  brown  to  block. 

Formation  of  Coal. — However  much  geologists  may  differ  as 
to  the  question  whether  coal  was  formed  on  the  spot  on  which 
the  forests  that  produced  it  grew,  or  whether  it  resulted  from  the 
accumulation  of  drift,  every  one  agrees  that  it  results  from  the 
iIecom[)oeition  of  vegetable  matter.  The  hypothesis  most  generally 
accepted  is  the  foi'mer,  although  it  is  perfectly  clear  that  in  a  few 
isolated  instances  small  areas  of  coal  have  been  formed  by  organic 
matter  drifted  into  lakes.  The  common-sense  view,  that  the  land 
became  submerged  at  intervals,  and  that  the  underclays  of  coal 
i^ams  form  tbe  beds  on  wiiich  the  plants  originally  grew,  is  the 
great  argument  in  favour  of  the  in  situ  theory,  as  it  is  an  every- 
tlay  occui-rence  to  find  the  routs  of  trees  firmly  embedded  in  the 
nnderclay.  Exposed  to  the  action  of  the  atmosphere,  vegetation 
decays  and  goes  to  enrich  the  soil,  but  supposing  that  the  organic 
material  fell  into  water,  decay  is  incomplete,  layer  would  be  de- 
posited on  layer,  and  under  pressure  deposits  of  coal  are  formed. 
In  peat  bogs,  for  instance,  living  plants  are  found  at  the  surface, 
~^~'  lowD  tie  forms  o£  plants  are  still  recognifable,  while  the 
,  portion   is  very  compact,  and  vegetable  structure  can 
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.scarcely  be  distinguished ;  as  we  go  deeper  in  the  mass  the 
quantity  of  carbon  increases^  The  conversion  of  woodj  tissue 
into  coal  takes  place  bj  the  elimination  of  oxygen,  which  combines 
with  carbon  to  form  carbonic  add  gas,  and  bj  the  separation  of 
carburetted  hydrogen  (''fire  damp"  of  the  miner)  and  water. 
To  illustrate  the  gradual  change  in  composition  in  passing  from 
wood  to  anthracite  coal,  Dr.  Percy  *  gives  the  following  table,  the 
proportion  of  carbon  being  estimated  at  the  constant  amount  of 


ICO  :- 


1 

Subfltance. 

Cwbon. 

Hydroffen. 

Oxygen. 

Hydrogen. 

Wood  (the  mean  of  several  analyses 
i  *  cat          f,        tf          tt           }i 
:  Lignite     ,         t«     15  varieties  .    . 
!  Teo-jard  coal  of  Soath  Staffordshire 
;  Steam  coal  from  the  Tyne     .    .    .- 
(  Anthracite  coal  from  Penn,,  U.S.A. 
f 

100 
100 
100 
100 
100 
100 

12.18 
9.85 

8.37 
6.12 

5.91 
2.84 

83-07 

5567 
42.42 

21.23 

18.32 

1.74 

1.80 
2.89 

3.07 

3.47 
3.62 
2.63 

Sou. — Certain  bodies  existing  in  Nature  are  composed  of  sabstances  that 
cannot  be  resolved  into  any  simpler  form,  these  being  called  elements  by 
chemists,  and  designated  by  symbolio  abbreviations.  The  smallest  indivi- 
sible parts  of  these  elements  are  called  atoms,  and  these,  by  combination 
with  each  other,  form  the  substances  occurring  in  Nature.  The  number  of 
atoms  of  each  element  comprised  in  any  substance,  is  shown  in  chemical 
formulas,  by  a  number  foUowini^  the  symbol  of  each  element.  Thus,  water 
contains  one  atom  of  oxygen  and  two  of  hydrogen,  its  chemical  symbol 
being  H,0. 

Classification  of  Coals. — The  classification  of  the  various 
coals  occurring  in  the  sedimentary  rocks  is  best  done  by  dividing 
them  into  heads  according  to  the  relation  between  the  proportions 
of  carbon  and  oxygen.  In  this  manner,  is  obtained  (i)  LignitOi 
(2)  Bituminous  Coal,  (3)  Steam  Coal,  (4)  Cannel,  (5)  Anthracite. 

1.  Lignite. — Found  in  our  own  country  at  Bovey  Tracey,  in 
Devonshire.  Some  varieties  show  distinct  woody  texture,  while 
otliers  are  structureless.  They  contain  a  large  proportion  of 
water,  bum  with  a  disagreeable  odour,  and  are  brown  in  colour. 
Lignite  coal  contains  about  67  per  cent  of  carbon  and  26  per  cent, 
of  oxygen.  A  subdivision  of  the  class  is  sometimes  made,  called 
broion  coed,  which  contains  a  larger  proportion  of  carbon  and  less 
oxygen  than  the  true  Lignites.  They  occur  in  large  quantities 
on  the  Continent  and  in  some  of  our  colonies,  an  analysis  of 
brown  coal  from  New  Zealand  showing,  carbon  72.2,  oxygen  22.4, 
hydrogen  5.4. 

2.  Bituminotia  Coal, — The  proportion  of  carbon  in  this  class 
vai-ies  from  75  to  90,  and  the  oxygen  from  6  to  19.     They  bum 

♦  Metallurgy  (Fuel),  d-e.,  1875,  P-  208.  f  For  definition,  see  p.  14. 
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tia  more  or  less  Gntoky  flame,  ttad  are  largely  used  for  hoiue- 
hold  purpoges.  As  the  proportion  of  oxygen  decranees,  the  coal 
gets  blacker  and  less  sonorous,  and  the  fiiiibility  increases.  The 
bitanuDDoa  class  of  coais,  may  be  further  subdivided  into  uon- 
caking  and  caking  varieties  ;  the  former,  when  burnt,  split  up  into 
fragments,  while  the  latter  eoft«n  on  the  fire  and  swell  up,  the 
portiries  bind  together,  and  form  a  pasty  mass.  This  proptaty  i.s 
an  ejnremely  valuable  one,  and  from  this  class  of  coal  are  made 
i.Teat  quantities  of  coke.  The  small  pieces  are  heated  together  in 
■>  "iiittnble  OTen  to  a  certain  temperature,  and  when  the  mass  is 
.  'Withdrawn  and  cooled,  a  hard  glistening  mass  is  obtained,  in 
.  ^  wiuoh  all  form  of  the  original  particles  is  lost.  It  has  never  been 
L  V   established,  to  what  this  proiierty  of  caking  is  due,  but  it  is  certain 

m^it ...  ..      „  ^ 
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^  lh»t  ultimate  analysis  forms  i 
following  analyses  of  two  coals  : 

V\ 

.1,"   -        Carbon  .... 


ide.     M.  Gruner  gives  tbe 


Ash 


6-3 


3-3 
5-* 
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l^t'CM  coals  are  nearly  identical  ii 
not.     Chemists 


I  cakes, 


n  composition,  but  while  (a) 
determine  the  amounts  i 
'"rious  elements  present  in  cool,  but  are  quite  unable  to  say  how 
'htse  elements  are  combined  amongst  theniselves,  these  internal 
c'nDbiiutions  being  the  probable  explanation  of  the  different  be- 
^arioun  of  coals  of  the  same  ultimate  analysis.  For  commercial 
I'urjioges,  proximate  analysis  is  all  that  is  required,  this  gi\'ing  us 
I'ifUDOunt  of  fijied  carbon  (coke),  volatile  mattefs,  and  the  amount 
fif  impurities.  There  appears  to  be  no  I'ule  for  determining  the 
<»\mg  qualities  of  a  coal,  except  actual  espeviment,  as  this  pro- 
fWy  is  possessed  by  cools  differing  widely  in  composition.  It 
^ipMrs  to  be  infiuenced  by  the  method  of  conducting  the  esperi- 
Wnt;  thus,  in  some  cases  rapid  heating  will  cake  a  non-caking  coal, 
Tbe  amount  of  ash  present  does  not  seem  to  influence  the  result,  as 
■Umptes  are  known  of  a  caking  coal  containing  20  per  cent,  of 
oil).  On  the  other  band,  many  coals  lose  their  power  of  caking 
ty  long  exposure  to  tbe  air. 

{3)  Steam  Coals.— These  are  principally  worked  in  the  South 
Wiles  and  North  of  England  coal-fields.  As  their  name  denotes, 
they  are  mainly  used  for  the  production  of  (%team  ;  theii'  evapora- 
tive power  Ib  high  and  they  give  off  scarcely  any  smoke  in  burn- 
ing, while  on  account  of  their  structure,  they  bum  more  readily 
tbnn  anthracite. 

(4)  Cannd  Coal. — Tlie  chief  deposits  of  this  class  occur  in  the 
Ijincashire  and  Scotch  coal-fields.  Cannel  is  very  rich  in 
Lydrogen,  and  is  mainly  used  for  the  production  of  gas,  as  it  yields 
by  destj'Uctive  distillation  about  40  per  cent,  of  volatile  matters. 
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It  in  very  hard,  dense,  and  structureless,  and  is  sometimes  oaed 
for  the  mnnufacture  of  omiuaeDts.  In  this  di\-iaion  of  coftb  m&y 
!«  inchidiH]  c«i-tain  shales,  containing  large  quantities  of  bitu- 
uihitiiiH  mnttei'B,  which  on  distillation  yield  liquid  and  solid 
puratUu,  The  Boghead  canuel,  over  which  the  ^obrated  trial 
tiK>k  jiIhcc,  niuy  Iw  considered  the  representative  of  this  type. 

(j)  Auihriiifitn. — The  darker  nn>l  denaei-  varieties  of  ordinaty 
I'ntil  ^liidiially  iiaiu  into  the  aiithnicitic  varieties,  which  are 
['liiLiiiiili'iiHiil  by  the  lai-ge  amount  of  cai-bou  they  contain. 
'l'Ui>y  itii  nut  Muil  the  tingei's,  are  very  hard,  and  bremlE  with  a 
i>ciiic'liiiiiliLl  fi'iu'ture.  'l^he  formation  of  anthracite  has  probably 
lii«ii  ('IViH'tt'il  liy  the  altei-atiou  of  bituminous  coals  under  heat  and 
|>rMwin'i).  In  tho  Soutji  Wales  coal-field,  the  same  seam  of  coal, 
which  in  of  Uia  onliiiary  bituminous  variety  in  the  eastern  district, 
IMIMM  liy  f[iiu)atioi)H  into  stenm  coal  in  the  middle  of  the  coal- 
Held,  while  ill  tlio  woHtiii'n  district  it  is  changed  into  anthracite. 
KnimniJUfi  dit|>oiiitii  of  this  chus  of  coal  are  met  with  in  Fennsyl- 
viiiiln,  iiur  own  utore  boing  nontiued  to  South  Wales.  Anthracite 
pnhliiiii-  fjDiii  i)[  Ii>  yj  jHT  cent,  ciirbou,  4  to  2  per  cent,  hydn^n, 
"lul  1  1 11  r  I  I'll!  i.»\i'iiii.  It  is  pnu'tically  smokeless  when  burning, 
mill  1    ii  II  I  I  i\  lull'  sudiii  property  is  valuable,  aa,  for  instant*, 

III  )ii  ill  iiimi'  ih'l  III  Mime  luftalliirgical  operations.  The  coke  la 
III  ill  li'  111  L.  I  11  lie  .  i,ir  ii'mmereial  purposes. 

'I'll"  lM||ii»iii(^  IuIiIk"  ([).  I  j)  shows  the  percentage  composition 

lilllillillKllI    >illl»»««..f(K<Al. 

Cuiiiinoroiul  Valuo  of  Coals. — The  N-alue  of  coal  as  fuel  de- 

jicuiIb  iliii'tly  on  the  Ctihr^fic  i'otivr,  wliich  is  the  total  heat  de- 

velopwl  by  ootnbustiuu,  exju'essed  either  in  utiitd 

Via,  J.         of  heat  or  of  itra[Mu«tion,  and  by  the  amount  of 

aiil)  and  impurities  pn^aent. 

In  deteruiintii^  llie  coloritic  power  of  fuels,  the 
NiniKdiOiculty  is  met  mth,  us  in  judging  of  tlie 
ciiking  pmpeities.  The  composition,  and  the  units 
of  hwit  devoIo|ied  by  the  combustion  of  each  com- 
|Minont  of  the  cuil,  lieing  known,  the  theoretical 
calorific  power  can  be  easily  determined,  but,  o& 
twfore,  we  neither  know  how  the  vai-ious  elements 
an)  combined  together,  nor  what  quantities  of  beat 
appear  or  dl-^appear  during  the  breaking  up  of  the 
iKMuplieated  compounds  of  which  coals  are  com- 
{losed.  Direct  experiment  is  resorted  to  for  the 
lU'tniil  calorific  power,  the  operation  being  per- 
formed in  an  instrument  colled  a  caUyrimeter.  The 
most  (»nvenient  of  these  for  practical  purposes,  is 
the  one  designed  by  Mr.  I*wiK  Thompson,  which  consists  of  a 
gloM  vessel  ((I,  Fig.  7)  containing  a  known  quantity  of  water. 

•  Compiled  from  Dr.  Percy's  Shtallnrgy  {J-'uel,  tic),  London,  1875. 
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A  weighed  invariable  quantity  of  the  coal  to  be  experimented 
with,  Ls  intimately  mixed  in  a  mortar  with  about  ten  times 
its  weight  of  a  mixture  of  three  parts  potassic  chlorate  and 
one  of  potassic  nitrate.  This  mixture  is  placed  in  a  small  copper 
cylinder  by  which  in  its  turn  is  covered  with  another  copper 
vessel  c,  furnished  with  a  tube  and  stopcock  d  on  the  uppei 
side,  and  pierced  with  holes  e  on  the  lower  end.  A  fuse  is  placed 
in  the  smaller  cylinder  containing  the  mixture,  this  is  lighted, 
the  stopcock  closed,  and  the  apparatus  let  down  to  the  bottom 
of  the  graduated  flask  containing  the  water.  When  combustion 
has  ceased,  the  stop-cock  is  opened  and  the  apparatus  is  moved 
gently  up  and  down,  care  being  taken  not  to  raise  it  out  of  the 
water.  The  temperature  is  noted  at  the  beginning  and  end  of 
the  experiment,  and  from  a  table  supplied  with  each  instrument, 
the  calorific  power  is  found.  The  rise  of  the  temperature,  plus  lo 
per  cent,  of  this  rise,  will  give  the  number  of  lbs.  of  water  which 
I  lb.  of  coal  will  convert  into  steam  from  and  at  212''  F.  The 
importance  of  calorific  power  is  not  at  all  understood  by  consumers. 
One  coal  may  be  obtained  for  a  less  price  than  another,  but  if  the 
lower-priced  coal  has  less  calorific  power  than  the  other  one,  the 
consumer  may  not  be  obtaining  the  best  value  for  his  money. 
Goals  rich  in  oxygen  never  have  such  high  calorific  powers  as  those 
containing  a  smaller  amount,  as  the  quantity  of  hydrogen  available 
for  heating  purposes  in  any  fuel,  is  not  the  total  amount  of  that 
element  present,  but  only  that  portion  of  it  (called  disposable 
hydrogen)  which  is  in  excess  of  the  quantity  required  to  form 
water  with  the  oxygen  contained  in  the  coal.  The  amount  of 
disposable  hydrogen  in  any  coal  can  be  ascertained,  when  its  com- 
position is  known,  by  dividing  the  quantity  of  oxygen  present  by 
8  and  subtracting  the  result  obtained  from  the  total  quantity  of 
hydrogen  present,  the  remainder  being  the  disposable  hydrogen. 
Calorific  powers  of  a  few  coals  are  given  in  the  following  table :  ♦ 


Calorific  l'ower(liiheat 

LcK-ality. 

Nature  of  Coal. 

units),  of  drr  Coal 
free  fVom  Aih. 

Toula,  Russia 

Lignite 

13.837 

Manosque,  Basses  Alpcs  , 

II 

12,584 

France  and  Germany 

Brown  coal 

11,340-14,220 

England    .... 

Caking  coal 

15,804 

»»          ... 

Jl                   n 

16,108 

Basin  of  Donetz,  Russia 

'  '          If         }i 

151651 

Le  Creosot,  France  . 

'            i»          »» 

17.319 

i»             II          •        ' 

Anthracite 

17,021 

Basin  of  Donetz,  Russia   . 
1 

II 

14,866 

The  ash  of  coals  is  the  substance  remaining  when  total  combus- 
♦  Coal,  its  History  arid  Uses,  1878,  p.  250. 
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tion  has  been  efTected.  It  is  composed  of  the  earthy  inipuritie 
originally  present  in  the  caul,  and  may  be  easily  deteriuioed  by 
baming  a  weighed  i^uaDtity  of  coal  in  a  porcelain  crucible,  either 
over  a  BiUBen  guB-burner,  or  in  a  niitftle.  It  is  impuilunt  that 
not  only  the  rjaaiUily  of  ash  should  be  determined,  but  also  its 
natvre.  Some  ashes  t«nd  to  fufie  together  and  form  "  clinker," 
which  ia  very  objectionable ;  more  attention  is  required  from  the 
E^'.oker,  as  be  has  to  be  continually  stimng  up  the  fii'e,  and  even 
nrhen  this  is  done  thorotighly,  the  draught  is  materially  interfered 
with,  and  imperfect  combustion  is  likely  to  take  place.  Coal  may 
contain  such  a  large  pro[iortion  of  aah  as  to  be  practically  worthlese 
ta  a  fuel.  The  amount  of  iron  pyrites  present  has  aLso  a  great 
effect  on  the  nature  of  axh,  as  fusion  is  a«siated  and  a  tendency  to 
form  clinker  results.  Sulphur,  too,  which  is  contained  in  pyrites, 
ia  very  objectionable  in  some  metallurgical  operations. 

Qsnes  occluded  in  Ooal. — ^The  majority  of  conla  contain  various 
gnsee,  which  are  given  of)'  when  exposed  to  the  atmosphere.  Gene- 
rally this  takes  place  slowly,  and  maj'  be  observed  by  the  singing 
Qoted  Bt  the  working  places  in  fiery  seams  of  coal,  or  by  the  sudden 
ontburGta  of  gas  which  are  known  to  the  miner  by  the  name  of 
"  blowers."  Certain  eoals  of  a  porous  structure  readily  yield  up 
the  gaaes  contained  in  tliem,  while  othera  of  a  denser  character, 
sltiiough  containing  even  more  gas  stored  in  them,  do  not  discharge 

»ik  in  such  quantities.  In  vacuo,  and  under  the  influence  of  a 
BmCle  heat,  coals  readily  discharge  the  gases  they  contain.  Mr. 
J.  W.  Thomas  •  has  made  a  series  of  experiments  on  this  subject 
which  throw  a  great  deal  of  light  on  the  question.  He  finds  that 
th*  gases  occluded  from  bituminous  coals  consist  mainly  of 
carimnic  acid,  and  that  the  quantity  yielded  is  very  much  emoller 
than  that  given  ofl'  by  the  steam  and  anthracitic  vai'ieties. 
Steam  coals  evolve  a  large  quantity  of  gas,  the  chief  component  of 
which  is  marsh  gas,  which  in  some  instances  reiichea  as  higli  as 
87  per  cent.  Anthracites  yield  by  far  the  largeiit  volume  of 
fras,  with  a  composition  closely  resembling  that  from  steam  coal. 
The  following  table"  (p.  16)  shows  the  quantities  of  giis  evolved 
from  coal  at  100°  C.  (311°  F.)  in  vacuo,  and  its  percentage  com- 
position. 

Mr.  Thomas  points  out,  that  these  results  were  obtained  in  a 
laboratory,  and  that  it  must  not  lie  supposed  that  coals  which  contain 
the  gi'eatest  quantity  of  gas  in  their  pores  are  the  moat  dangerous 
to  work,  the  I'ate  of  discharge  being  controlled,  us  has  l)een  before 
pointed  out,  by  the  str\icture  of  the  coal.     Anthnicitew,  for  iti- 

Ivtknce,  although  holding  large  quantities  of  marsh  gas,  are  bv  no 
Venna  dangerous  to  work,  as  only  small  quantities  of  gas  are  dis' 
enlarged  at  the  working  face  owing  to  the  jet-like  nature  of  these 
eoals,  sueh  structure  being  eminently  favourable  to  the  retention 
i 
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of  gaa.  On  thn  other  hand,  Bteam  coals,  although  containing  t 
smaller  quantity  of  gas,  readily  give  it  up,  owing  to  their  poroog 
nature,  and  the  quantity  of  gas  evolved  at  the  face  of  the  workingB 
in  some  of  these  coala  is  eaormous.     From  these  results  we  ore 


B.mpl.. 

Gu  nolied  b;  loo 

C«-bon!r. 

Otjtai. 

(^. 

Nitngn. 

3 
3" 

1 

9 
»3 

>4 

Steam 
Ambracilc 

55.9 
55-' 
73.6 
.94.8 

375-4 
149-3 

SI 

36.4! 

5.44 
12-34 

S.04 

1321 

9.25 

•ill 

«4-72 

ate 
1.05 
a64 
0.33 
0.49 

63.76 
72-51 

f.t 

86.91 

73-47 

ti'i 

63.7S 
»9-7S 
14-S' 

4.»S 

able  to  see  where  the  explosive  gases  in  mines  are  obtained,  aod 
can  readily  understand  that  mine-gaees  and  the  gases  occluded 
in  the  coal  stand  in  definite  and  fixed  relationship,  Mr.  Thonu^ 
experimenf«d  in  this  direction,  and  the  results  he  obtained  are 
ariSed  in  the  following  table : — 


CampoiilloD  of  iha  Ou. 


The  enormous  pressure  under  which  these  gases  are  cpntain^^*- 
in  the  c&il  will  be  realised  when  it  is  stated  that  in  the  ^-^ 
senra  of  the  Harris  Navigation  Colliery,  at  a  depth  of  700  yar*^^' 
from  the  surface,  and  with  a  bore-hole  put  30  feet  into  the  face  -^-^ 
the  coal,  the  pressure  was  143  lbs.  per  square  inch ;  while  a  bocT*"^ 
hole  JO  feet  deep,  in  the  4-ft.  seam  at  Jlerthyr  Vale  Colliery,  a6  * 
depth  of  450  yanls  from  the  surface,  registered  280  lbs.  peraqua-^*"' 
inch  pressure  of  gas;  it  may  be  further  added  thnt  these  pressur'^^ 


COAL.  17 

^  by  no  means  the  maximum  ones  that  have  been  obtained  in 
Cerent  collieries.* 

*'  Blowers "  of  small  dimensions  usually  follow  the  face,  and  as 

this  proceeds,  the  older  ones  die  out  and  newer  ones  take  their 

place.    A  thin  seam  of  coal  overlying  the  bed  worked,  is  very 

favourable  for  supporting  this  action.    By  the  sinking  of  the  strata, 

cavities  are  formed  in  the  measures  above  the  roof,  and  these  are 

£Ued  with  accumulations  of  gas ;  a  crack  is  by  some  means  formed, 

and  an  outburst  of  gas  results.     This  action  is  guarded  against  in 

some  collieries,  by  a  regular  system  of  putting  bore-holes  up  in  the 

loof,  and  thereby  gradually  draining  all  the  gas  from  the  measures. 

In  driving  exploring  works,  large  blowers  are  frequently  met  with 

which  yield  enormous  volumes  of  gas,  sometimes  for  long  periods 

of  time,  and  sometimes  for  smaller  ones.     In  the  former  case,  the 

gases  are  conveyed  to  the  surface  through  pipes  and  burnt ;  while 

in  the  latter  the  district  has  to  be  temporarily  abandoned  until 

the  outburst  has  exhausted  itself. 

*  On  Experiments  showing  the  Pressure  of  Oas  in  the  Solid  Coal,  Lindsay 
Wood,  NJB.I.  zzz.  16^. 
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CnAPTER  III. 

SEARCH   FOR  COAL. 

Prospecting. — ^The  preliminary  operations  in  searching  fSor 
coal  in  new  districted  consist  in  carefully  examining  surface  Indi- 
cations to  determine  the  nature  and  position  of  the  beds  enoaed 
in  the  area  under  examination.  A  knowledge  of  geology  is  indii- 
pensable  for  such  work.  The  banks  of  streams  and  cattingB 
should  be  closely  examined,  and  all  outcrops  noted  and  laid  down 
on  a  rough  sketch-map.  Rocks  and  fossils  of  Carboniferous  lige 
afford  the  best  indication  of  the  probable  existence  of  coal,  but  it 
is  not  absolutely  necessary  that  such  should  be  found  at  the  surfaoe, 
nor  is  it  certain  that,  when  theyare  found,  coal  surely  exists  beneatL 
For  instance,  in  this  country,  the  greater  part  of  the  SomeonHft 
coal-field  is  covered  with  rocks  of  newer  formations  (Lias  and  Neir 
Red  Sandstone);  while  in  the  north  of  France  and  Belgium,  thiek 
deposits  of  the  Cretaceous  formation  are  passed  through  befofa 
reaching  the  Coal  Measures.  Perhaps  the  most  remarkable  w^^^^f^ 
of  the  reversal  of  strata,  is  afforded  at  Drocourt,  in  the  Pas  da 
Calais,  where,  after  sinking  through  the  Cretaceous,  they  passedi 
at  a  depth  of  413  feet,  into  the  Devonian;  and  after  ginking  in 
this  formation  to  a  depth  of  958  feet  from  the  surface,  met  with 
very  disturbed  Coal  Measures,  and  beds  of  coal,  which  were  worked 
for  a  considerable  period.  The  shaft  was  sunk  deeper  and  deeper, 
until,  at  1886  feet,  a  fault  was  reached.  On  passing  through  this, 
the  ordinary  Coal  Measures  of  the  district  were  met  with,  and  are 
now  being  worked.  The  Devonian,  and  first  portion  of  the  Goal 
Measures  met  with,  had  evidently  been  bent  completely  over 
before  the  Cretaceous  was  deposited. 

Boring. — Even  after  the  examination  above  referred  to,  from 
which  the  probable  existence  of  minerals  may  be  reasonably 
inferred,  further  proofs  have  to  be  obtained.  If  outcrops  of  actual 
seams  have  been  found,  a  great  deal  can  be  done  by  sinking 
shallow  pits  or  by  driving  levels.  Indications  at  small  depths 
are,  however,  seldom  conclusive,  especially  as  regards  the  quality 
of  the  coal  seams,  and  the  operation  of  boring  is  generally  re* 
sorted  to. 
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Cboioe  of  Site. — For  proving  considerable  nreaa,  aevoral  holea 
nuiy  be  required,  the  sites  of  which  are  determined  by  the  extent, 
location,  and  general  features  of  the  land  to  be  developed.  The 
preliminary  survey  decides  these  general  features,  but  considera- 
tion has  also  to  be  given  to  the  suitability  of  the  spot  for  the  erec- 
tion of  the  drilling  apparatus  and  for  carrying  on  the  work. 

Various  Applianofls  lued  in  Boring.— (a)  £iU. — For  shallow 
boles  in  soft  ground,  the  borer  consists  of  some  heavy  instrument 
of  the  "scoop"  kind,  the  general  form  being  a  cylinder,  the 
ntting  edge  having  a  slit  up  its  side  like  a  gimlet.  In  soft,  loose 
potmd,  pipes  furnished  with  a  cutting  edge  can  be  driven  down 
bj  blows  erf  a  heavy  wood  block,  dropped  through  a  considerable 
li%ht.  A  second  pipe,  of  smaller  diameter,  is  lowered  inside  the 
Mve-pipe,  and  through  it,  a  strong  stream  of  water  is  forced, 
^lis  second  pipe  follows  the  cutting-shoe,  and  stirs  up  the  loose 
mUerial  and  washes  it  to  the  surface. 

TbiB  method  is  largely  used  in  America,  up  to  300  ft.  of  gravel 
bang  easily  got  through.  The  pressure  of  water  is  Bu£ficient  to 
Cone  up  gravel  of  about  }  la.  diameter,  but  if  larger  pieces  thftn 
thia  aie  encountered,  they  must  be  chopped  to  pieces. 

For  harder  ground,  bits  of  chisel-shape  have  to  be  employed. 
Theaa  are  suspended  from  rods,  which  are  raised  up  and  dropped 
down,  thereby  chipping  off  small  quantities  of  rock.  The  rods  are 
rotated  after  every  blow,  so  that  the  tool  drops  in  a  different  place 
Mditime. 

niegeneralfbrmofchiselemployedjisthat having  ^lO-  S. 
■  steaight  edge  (Fig.  8).  The  angle  enclosed  by  the 
cutting  edges  is  variable,  depending  on  the  nature 
of  the  rock.  For  hard  rocks,  a  chisel  with  an  acute 
edge  is  too  likely  to  break;  the  angle  should  not 
Ooeed  70°.  The  size  of  the  chisel  should  be  carefully 
■uasuTsd  before  it  is  lowered  into  the  hole,  a^,  if  it  is 
loo  wide,  it  will  jam,  while  if  too  small,  the  hole 
win  get  too  narrow.  As  with  all  tools,  the  chissl 
WIS  formerly  made  of  wrought  iron  tipped  with 
tfeel,  but  is  now  univeraally  constructed  of  steel 
thron^out.  For  very  hard  rocks,  a  Y-shaped 
diisel  ia  sometimes  employed.  Variousothershapes 
have  been  tried  from  time  to  time,  hut  abandoned,  , 
owing  to  the  difficulty  of  sharpening. 

(6)  £01^. — These  may  be  either  of  wood  or  iron,  the  latter 
being  most  common.  Their  usual  size  is  about  i  in.  square,  and 
from  28  ft.  to  36  ft.  long.  Shorter  pieces  for  making  up  lengths 
are  also  used.  As  the  hole  gets  deeper,  the  thickness  of  rods  has 
to  be  increased  The  rods  are  provided  with  screwed  and  socket 
ends.  When  first  used,  the  rods  are  not  screwed  completely 
ti^ether,  but  only  the  first  three  or  four  threads ;  when  these  get 
votn,  more  turns  are  given,  but  the  ends  of  successive  rods  must 
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be  fixed,  but  for  deeper  ones  it  must  be  movable.  An  elabora- 
tion of  this  method  consists  in  the  employment  of  two  spring 
poles.     The  first  is  from  60  to  70  feet  long,  fastened  at  one  end 

(Fig.  15),  and  at  |  of  its  length 
^Q'  ^5-  from  the  fixed  pomt  it  rests  on 

JL   J.   ISSlJJiUi       *"^  upright.     To  the  other  end, 
Tg^rfm7m^^^^Mr7^w^!^^^f'7?y    are  fixed  two  cross-bars  which  the 

^'•^  workmen   press    down   on  to  a 

second  spring  pole,  thus  producing 
a  dancing  movement.  Between  the  upright  and  the  cross  beams  is 
attached  a  hook,  from  which  the  boring  tools  are  hung  in  the 
usual  manner. 

(^)  Frames, — In  order  to  enable  the  rods  to  be  raised  perpen- 
dicularly, a  frame  of  three  shear  legs  is  erected  at  the  surface,  to 
which  a  pulley  is  attached  at  the  top,  one  of  the  shear  legs  having 
3teps  on  it  so  that  this  may  be  easily  reached.  For  shallow  holes, 
a  windlass  supplies  motive  power,  but  in  larger  holes  a  steam 
engine  and  drum  is  employed.  To  save  labour  in  unscrewing  the 
rods,  it  is  advisable  that  the  frame  should  be  made  as  high  as 
possible,  so  that  a  long  length  of  rods  may  be  itiised  at  a  time. 
This  is  done  in  the  following  manner  : — The  stops  (6,  Fig.  ii)  are 

opened,  and  a  hook  (Figs.  16  and  17),  at  the 
FiQs.  16  AND  17.    end  of  the  rope,  is  placed  beneath  a  joint  in 

the  rods,  these  being  then  detached  h*om  the 
end  of  the  lever.     The  rope  is  then  hoisted  up 
until  the  limit  in  height  is  reached,  when  the 
stops  are  closed  beneath  the  nearest  joint,  and 
the  rods  above  that  joint  unscrewed  and  re- 
moved.    This  operation  is  repeated  until  all 
are  withdrawn.    The  sludger  is  then  lowered, 
either  by  the  same  rope,  or,  if  the  boring  is  a 
large  one,  by  a  second  one  passing  over  another  pulley  lower  down 
'.4<^e  frame.     After  clearing  out  the  debris,  the  rods  are  replaced  by  a 
^v  reversal  of  these  operations.     One  point  must  be  specially  noted  : 
t^  the  rods  when  not  in  use  should  never  be  stood  on  end,  but  always 
V  suspended. 

^  Devioes  employed  to  meet  Dlffioidties  of  Deep  Boring. — 
^  As  the  depth  of  holes  increases,  a  large  number  of  difficulties 
arise,  the  greatest  one  being  the  weight  of  the  rods  themselves. 
Bods  I  in.  square  weigh  about  i  ton  for  every  200  yards.  In  deep 
holes,  not  only  does  this  great  weight  injure  the  screw  joints, 
alter  the  structure  of  the  iron,  and  break  the  tool  which  receives 
the  blow,  but  it  sets  up  excessive  vibration  in  the  rods,  injures  the 
sides  of  the  hole,  and  accumulates  a  mass  of  broken  material  above 
the  tool,  which  often  leads  to  rupture  when  an  attempt  is  made 
to  withdraw  it.  To  overcome  these  disadvantages  several  methods 
GLre  employed. 

(a)  Lighter  Bode. — Hollow  iron  rods  were  first  suggested,  the 
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hx  deep  boles,  other  giiicUs  are  inserted  in  the  rods  at  regular 
intervals.     A  common   form  is  that  shown  hy  Fig.   iz,  which 
rndily  passes  through  water.     Discs  and  other 
tbapee  have   been   abandoned,  as  even  where  yiq  ta.    Fig  1%. 
water-waya  are  left  through  them,  they  set  up 
eddies  in  the  water  filling  the  bore-hole,  wearing 
nay  the  aides,  and  causing  them  to  fat]  in,  u 
tlie  rock  is  at  all  soft. 

(dj  Clearing  InitrvmenU. — When  a  sufHcient 
unount  of  cutting  has  been  done,  the  debris  which 
bu  accuinulat«d  at  the  bottom  of  the  hole  is 
lemoved  by  the  "sludger"  (Fig.  13),  which con- 
iDEte  of  a  tube  from  4  to  6  feet  long,  Jiaving  a 
Talve  at  the  bottom,  either  of  the  l»ll  or  &p- 
fcot  type.  The  removal  is  usually  done  with  a 
njpe,  Bometomes  a  few  lengths  of  rods  being  added 
to  give  weight.  When  the  sludger  reaches  the 
tnttoiD,it  should  be  picked  up  and  dropped  several 
times,  before  raising  to  the  surface.  For  deep  and 
luge  bore-holes,  a  superior  class  of  sludger  is 
employed,  having,  in  addition  to  the  valve  at 
the  bottom,  a  piston  working  in  the  bari'el  portion.  When  this 
pisloQ  is  drawn  up,  it  sncks-in  the  slime. 

(«)  Levtra. — The  most  general  way  of  working  the  rods  in  per- 
(usive  boi-ing,  is  to  attach  them  to  the  shorter  arm  of  a  lever 
(fig.  14),  the  longer  end  of 
»liich  receives  an  up-and- 
dovn  motion ;  as  previously 
mentioned,  the  rotls  are  sus- 
pended by  a  swivel,  and  are 
tnmed  by  the  bore-master 
ifter  each  blow.  Where 
Dumal  labour  is  employed, 
two  or  more  smooth  cross- 
bars are  attached  to  the 
longer  arm  of  the  lever,  so  that  more  men  are  able  to  work  at 
it.  With  cross-pieces  8  feet  long,  six  men  can  work  on  each 
ada  For  deep  holes,  manual  labour  is  quite  out  of  place,  and 
tfae  long  end  of  the  lever  is  depressed  at  inten'uL-i,  either  by  large 
tesch  on  a  revolving  wheel  driven  by  steam,  or,  pi-eferably,  by 
directly  connecting  it  witJi  the  piston-rod  of  a  cylinder. 

if)  SprxTtg  i'oU. — In  our  coal  districts,  the  vibratory  movement 
is  oft«n  given  to  the  rods  by  the  use  of  the  spring  bar,  which 
conAsta  of  a  wooden  pole  having  one  end  fixed  to  the  ground,  a 
folcrnm  placed  further  on,  and  the  rods  attached  to  the  other  end. 
The  blow  is  struck  by  depressing  the  beam,  the  rods  being  raised 
ly  the  elasticity  of  it.  The  lengths  of  the  parts  on  each  fdde  of 
fulcrum  are  usually  i  :  3  or  5.      For  shallow  holes,  the  axis  may 
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long  length  of  upper  rods  follow  at  a  slower  spe  >L  When  this  bas 
desjcended  to  the  proper  pcxnt,  a  slight  upward  motioii,  producing 
pressure  on  the  upper  side  of  the  leather  disc,  causes  it  to  deso^ 
with  the  rod  e  and  collar  c,  and  so  dose  the  fang& 

The  ahore  apparatus  reduced  in  a  marked  manner  the  break- 
ages of  tools  and  rods,  and  consequently  the  cost  of  boring.  It  iSi 
however,  inapplicable  in  drr  and  narrow  holes,  is  somewhat  com- 
]^cated,and  causes  the  water  to  form  streams,  whilst  the  slime  from 
the  hole  collects  on  the  disc,  and  prevents  it  from  acting. 

Numerous  other  complicated  appliances  have  been  used  from 
time  to  time,  but  practicaUy  have  all  given  way  to  the  sliding  joint 
invented  by  GSynhausen.  As  before,  the  rods  are  divided  into 
two  lengths,  but  a  sliding  joint  forms  the  connection  between 
them.  The  two  lengths  a  and  h  (Figs.  19  and  20)  are  raised  to- 
gether and  also  fall  together,  until  the  lower  part  6,  to  which  the 
tool  \&  attached,  strikes  on  the  bottom  of  the  hole,  when  its  motion 
is  arrested.  The  upper  part,  however,  continues  its  downward 
movement  (the  colba*  sliding  over  the  stationary  lower  rods), 
and  is  gradually  brought  to  rest  within  the  limit  of  length  of  the 
slide  by  an  elastic  stop  placed  beneath  the  rocking  lever  at  the 
surface.  By  this  means,  the  shocks  received  by  the  tool  and  lower 
rods  do  not  reach  the  upper  part. 

Obtaining  Cores. — It  is  of  the  greatest  importance  that  satis- 
factory samples  of  the  strata  cut  through  should  be  obtained. 
Fig.  21.  With  the  tools  already  described,  everjrthing  is  chopped 
to  small  pieces,  and  it  is  necessary  to  examine  the  cont^ts 
of  the  sludger  very  closely,  to  determine  what  material  the 
hole  is  passing  through.  In  order  to  obtain  more  definite 
results  with  percussive  boring,  a  tool  is  put  down,  consist- 
ing of  four  or  five  chisels,  arranged  round  a  cylinder  (fig. 
2 1),  which  cuts  away  an  annular  space,  leaving  a  central 
core.  A  second  tool  is  then  lowered  down  to  the  bottom 
of  the  hole,  and  a  cutting  tooth  at  the  base  is  pressed 
inwards  by  means  of  a  spring.  This  tool  is  revolved  several 
times,  until  the  greater  part  of  the  foundation  of  the  core 
is  cut  away,  and  then  by  a  sharp  jerk  the  whole  is 
detached,  and  brought  carefully  to  the  surface. 

Special  Methods  of  Boring. — The  greatest  change 
which  has  taken  place  in  percussive  boring  is  that  due  to 
j/\j    suspending  the  tools  by  a  rope,  in  place  of  the  rigid  bar. 
ir       To  the  Chinese,  belongs  the  credit  of  first  employing  this 
means.     The  shank  of  the  tool  consists  of  a  heavy  cylinder 
of  iron  attached  to  a  rope  of  bamlxx)  fibres,  the  torsion  of  which 
is  sufficient  to  rotate  the  tool  after  each  blow.     Motion  is  com- 
municated at  the  surface  by  means  of  a  spiing  pole. 

(a)  Mather  and  Plains  system, — In  this  method,*  the   tool    is 

•  Well  Boring,    F.  Mather,  Proc.  Inst.  Mec.  Eng.  ,1869,  p.  278. 
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■ipended  ttom  n  flat  hempen  rope,  but  the  system  diffara  from 
1  othetv  in  the  mensui-ee  employed  for  rotating  the  tool,  and 
Lng  it  the  netessary  percussive  action.  The  rope  to  which  tha 
lol  is  attached  (a,  Fig.  22)  passes  over 

a  pulley  b,  over  tlie  hole,  and  thence  is  pj^   ,j_ 

Jirect«d  by  a  guide  pulley  e  to  the  drum 

of  a  winding  engine  worked  by  steam 

power.     This  rope  can  be  clamped  at 

an  intermediate  point  by  meiins  of  the 

clutch  rf.     The  up  and  down  motion  is 

obtained  by  connecting  the  pulley  6  to 

the  piston  rod  of  a  small  vcrtitul  cylin- 
der e.     As  the  rope  in  clamped  on  one 

side  at  the  point  d,  when  the  piston 

moves  upwards  it  can-ies  the  tool  and 

rope  lianging  in  the  hole,  with  it,  and 

allows  it  to  fall  on  the  return  stroke. 

As  the  hole  deepens,  the  rope  on  the 

drum    is  gradually  let  out.     A  self-acl> 

iog  Talve  motion,  worked  by  tappets 

moved  by  the  piston  rod,  is  employed, 

and  the  length  of  stroke  can  be  varied 

liy  alt«nng  the  position  of  the  tappets. 

Before  the  valves  can  be  opened,  it  is  necessary  that  the  piston 

n>i)  should  move ;   a  small  quantity  of  steam  is  therefore  kept 

continually  blowing  on  to  the  underside  of  the  piston,  through  the 

small  poll  yi    As  the  exhaust  port  is  situated  a  little 

higher  up  the  cylinder,  this  really  serves  an  additional     Fig.  23. 

piirpoee.  as  it  ijit«rposes  a  cushion  of  steam  between 

the    piston    and   bottom  of  cylinder,  preventing  any 

chance  of  the  latter  receiving  a  blow  on  the  retiu-n 

Tbt?  boring  head  (Fig.  23)  consists  of  an  iron  bar 
tiboat  8  feet  long,  having  a  cast-iron  boss  a  at  the 
liuttom,  into  which  the  cutting  tools  are  secured  \vith 
taper  shanks  J,  so  as  to  be  firm  in  working,  but  easily 
t.iketi  out  for  sliarpening.  Two  giudes  are  employed 
'"  keep  the  tool  perpendicular;  one,  c,  being  a  plain 
'  vliiiiler.  the  other,  d,  having  ribs  of  saw-tooth  form 
t'l-an^ed  round  its  circumference.  These  ribs  have  a 
">ii)jpit«h.  iindas  they  bear  against  the  sides  of  the  bore- 
hole, assist  in  tiimingthe  tool.  Each  alternate  plate  has 
the  ribs  inclined  in  opposite  directions.so  thatonehalf  are 
acting  to  turn  thebarinrising.and  the  other  half  to  turn 
ii  iu  the  same  direction  in  falling.  The  definite  rota- 
'  iriiiof  the  tool  iself'ected  by  keying  two  cast-iron  colla re, 
'  ind/,  on  to  tlici  bar,about  13  inches  apart.  The  top  side  of  the 
..•w«r  oollar,  and  the  bottom  side  of  the  upper  collar,  have  deep 
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ratchet  teeth  cut  on  them.  Intermediate  between  these  two,  and 
sliding  freely  on  the  bar,  is  a  third  collar  g,  having  ratchet  teeth  cut 
on  both  its  faces,  but  those  on  the  upper  side  are  set  half  a  tooth 
in  advance  of  those  on  the  lower  side.  A  wrought-iron  hoop  is 
attached  to  this  third  collar,  through  which  the  bore-head  is 
attached  to  the  hook  and  shackle  shown  in  Fig.  22.  When  the 
tool  is  dropped  and  the  blow  delivered,  the  teeth  of  the  collar  g 
fall  on  to  those  of  the  bottom  collar  e,  and,  through  the  teeth  not 
being  opposite  each  other,  receive  half  a  twist  backwards;  on 
commencing  to  lift  again,  immediately  g  engages  withyj  a  further 
twist  backwards  of  half  a  tooth  takes  place,  so  that  the  flat  rope 
is  actually  twisted  through  the  space  of  one  tooth.  As  soon  as 
the  lift  takes  place,  it  untwists  itself,  and  so  rotates  the  tool. 

The  sludger  is  furnished  with  a  clack  at  the  bottom,  and  inside 
is  fitted  a  bucket  having  an  indiarubber  valve  on  the  top  side. 

The  boring  head  can  be  lowered  at  a  speed  of  500  feet  per  minute, 
and  raised  at  the  rate  of  300  feet  per  minute.  The  percussive 
action  gives  24  blows  per  minute,  and  if  this  rate  be  continued  in 
New  Red  Sandstone  or  similar  strata,  about  6  inches  will  be 
drilled  in  10  minutes,  when  it  becomes  necessary  to  send  down 
the  sludger,  which  is  effected  at  the  same  speed  as  the  tool,  but  it 
only  remains  down  about  2  minutes. 

(b)  American  Sf/8iem, — The  development  of  the  oil  industry  in 
the  United  States  required  rapid  boring,  and  considerable  im- 
provements under  this  head  have  been  effected.  The 
whole  operation  has  been  elaborately  described  by 
Mr.  J.  F.  Carll.*  The  success  of  the  operation 
seems  to  be  due  more  to  the  perfection  of  small 
details  than  to  any  startling  novelty.  The  first  thing 
done  is  to  erect  shear  legs  and  fix  the  wooden  con- 
ductor box  previously  described,  this  being  set  truly 
perpendicular,  and  carried  down  a  few  inches  into 
the  bed  rock  to  fasten  it  securely.  Should  the  bed 
rock  lie  at  a  considerable  depth  beneath  the  surface, 
the  wooden  conductor  is  replaced  by  a  wrought-iron 
stand  pipe,  which  is  carried  down  by  the  method 
already  alluded  to.  The  engine  furnishing  power 
is  regulated  and  controlled  from  the  boring  stage. 
The  tools  are  attached  to  a  rope,  and  an  instrument 
called  a  **  temper  screw  "  (a,  Fig.  24)  connects  the 
rope  to  the  lever  through  the  "  stirrup  "  b.  The 
lever  receives  an  oscillating  movement  from  a  con- 
necting rod  and  crank,  turned  by  the  band  wheel. 
The  length  of  stroke  can  be  varied  by  adjusting  a 
collar-pin  in  any  one  of  several  holes  placed  in  the 
crank  at  different  distances  from  the  centre  of  its  shaft.     Sepai-ate 

♦  Second  Geo.  Survey  of  Pennsylvania,  Report  I*. 
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drums  are  provided  both  for  winding  out  the  drilling  rope  and  the 
sludger,  these  being  driven  by  gearing  thrown  in  and  out  by 
clutches.  The  effective  cutting  blow  of  the  tools  is  given  by  the 
weight  of  the  chisel,  the  auger  stem,  and  the  lower  link  of  the  ''jars." 
The  jars  is  a  modification  of  CEynhausen's  slide,  arranged  in  such 
a  manner  that  the  auger  stem  and  bit  are  given  a  decided  jar  on 
the  up  stroke^  so  that  the  bit  is  loosened,  in  case  it  has  a  tendency 
to  wedge  fast  in  the  hole.  As  the  tools  rise  and  fall  with  the 
rocking  lever,  they  are  constantly  rotated  by  hand,  by  a  short 
lever  inserted  in  the  rings  of  the  temper  screw,  and  as  the  hole 
deepens  and  the  screw  of  the  stirrup  reaches  its  limit,  the  clamps 
(c)  of  the  temper  screw  are  slacked,  and  a  short  length  of  rope 
payed  out. 

The  withdrawing  of  tools  is  carried  out  by  first  taking  up  all 
the  slack  rope,  then  loosing  the  clamps,  throwing  the  connecting  rod 
out  of  gear  with  the  band  wheel,  and  lifting  up  the  lever  out  of  the 
way.  The  tools  are  then  run  up,  but  are  stopped  when  the  bit 
reaches  the  level  of  boring-floor,  where  it  is  loosened  by  large 
wrenches.  The  tools  are  then  lifted  up  clear  of  the  hole,  and  the 
rope  disconnected  from  the  steam  engine,  the  bit  being  removed 
and  replaced  by  a  sharp  one.  While  this  has  being  going  on,  the 
sand  pump,  or  sludger,  has  been  run  up  and  down  once  or  twice 
by  the  friction  gear,  &c.,  already  described. 

The  first  60  feet  cannot  be  dnlled  in  the  ordinary  way  just  de- 
scribed, this  being  done  by  the  method  called  ''  spudding."  The 
auger  stem  and  bit  are  attached  by  the  rope  socket  to  a  short 
piece  of  cable  (150  to  160  feet  long),  the  other  end  being  passed  over 
the  ptdley  at  the  top  of  the  frame,  round  another  wheel,  and  then  a 
few  turns  taken  round  one  of  the  drum  shafts.  The  engine  is 
started,  and  one  of  the  drillers  takes  his  stand  near  the  drum, 
with  the  loose  end  of  the  cable  in  his  hands.  A  slight  pull  on 
this,  tightens  the  loose  ceils  on  the  drum  shaft,  which  is  rapidly 
revolving;  the  tools  are  raised,  the  rope  is  immediately  slackened, 
and  the  tools  di-op  in  the  hole ;  another  slight  pull  is  given,  and 
so  on,  until  sufficient  depth  is  attained  to  enable  the  drillers  to 
replace  this  motion  by  that  of  the  rocking  lever. 

This  method  has  been  introduced  into  England,  and  was  used 
in  September  1886  for  boring  for  salt  in  the  neighboiurhood  of 
Middilesbrough.  Mr.  J.  Daglish'^  stated  that  it  proved  exceedingly 
satisfactory,  the  progress  having  been  remarkably  rapid.  An 
average  rate  of  progress  of  63  feet  per  day  was  attained,  with  a 
maximum  of  5  feet  per  hour. 

(c)  Diamond  Boring, — This  method  differs  from  the  others 
in  the  fact,  that  the  tool  receives  a  rapid  rotary  motion  instead  of 
a  percussive  one.    It  consists  in  placing  a  series  of  small  diamonds 
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aroand  the  lower  edge  of  an  annular  tube  (ITgs.  25  and  26)  called 
the  "crown."  This  part  is  compo^  of  goft  wrought  iron,  in 
which  the  diamonds  are  bedded,  the  edges  of  the  holes  bdng 
knocked  down  to  keep  the  stones  in  position.     The  CQmmon 

Figs.  25  A^^)  26. 


variety  of  black  diamond  (bort)  is  employed,  as  the  cost  of  the 
rare  gems  would  be  too  great.  The  cro\%'n  is  provided  with  a 
series  of  vertical  grooves  (a  a,  Fig.  26)  round  its  circumference,  to 
allow  water  to  pass  from  the  centre  outwards,  and  it  is  made 
slightly  larger  in  diameter  than  the  main  boring-pieoe,  so 
Fig.  27.  that  the  latter  can  revolve  freely  in  the  hole.  The  main 
boring-piece  consists  of  a  wrought-iron  cylinder  (Rg.  27) 
in  two  pieces,  the  upper  one  being  open  at  the  top.  In 
the  centre  of  this  cylinder  is  placed  a  hoiizontal  disc  of 
metal,  a,  which  divides  it  into  two  portions,  and  also 
serves  as  a  connection  to  which  wrought-iron  pipes,  6, 
are  screwed.  These  pipes  are  carried  to  the  surface,  and 
are  connected  by  mitre  gearing  to  a  steam  engine,  thie 
giving  the  rotary  motion  to  the  tooL  A  stream  of  water 
under  pressure  is  brought  down  the  centre  of  these  pipes, 
parses  into  the  lower  chamber  c,  on  to  the  bottom  of 
the  hole,  and  escapes  by  the  side  of  the  crown  through 
the  waterways  already  referred  to.  So  long  as  the  water 
is  circulating,  the  debris  is  carried  away  upwards,  but 
as  soon  as  the  pressure  is  taken  off,  the  slime  would  fall 
between  the  sides  of  the  bore- hole  and  cylinder  and  jam 
it.  This  is  the  object  of  making  the  top  piece  open. 
All  the  falling  debris  settles  in  the  space  ddf  (Fig  27), 
around  the  water  deliveiy  pipes. 

A  cylindrical  core  is  produced,  which  is  removed  in 

the  following  manner :     A  circular  split  band  of  iron, 

with  vertical  ribs,  is  placed  inside  the  lower  portion  of 

the  boring  tool  immediately  above  the  crown  (Kg.  25), 

the  surface  on  which  it  slides  being  an  inverted  cone. 

In  boring,  the  core  readily  passes  upwards,  as  it  can  slip  through 

the  split  ring,  but  when  the  boring  tool  is  raised,  the  core  drags 

with  it  the  split  ring,  and  gradually  forces  it  on  to  the  smaller 
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diameter  of  the  cone,  until  the  pressure  is  sufBxiieiit  to  cause  the 
core  to  break  off,  aad  be  lifted. 

Considerable  improvements  have  taken  place  IQ  this  method  of 
boring  daring  the  past  few  yeai's.  The  usiittl  practice  is  now  to  pro- 
ride  separate  machinery  for  pumping,  and  rotutiug  and  raising  the 
rods,  thus  dividing  and  miuimLsing  the  risk  of  breakages.  The  usual 
method  of  feeding  the  drill  forward,  i.s  to  allow  the  weight  of  the  rods 
in  the  hole  to  do  it,  but  as  the  pressure  exert-ed  would  be  too  much  if 
full  weight  was  put  on,  pail  of  it  is  taken  oft' 
by  counterbalancing.     A  decided  improve-  irm.  ih 

ment  on  this,  is  the  hydraulic  feed  of  the 
Sullivan  Prospecting  Co.,  which  operates 
as  follows:  a  (Fig.  j8)  is  the  hydraulic 
cylinder  with  its  piston  0,  and  hollow  piston 
rod  c.  Connection  to  the  foi'ce  pump  is 
made  at  the  tee  d,  and  to  the  exhaust  at  e. 
The  inlet  vulves  are  numbered  i  and  2, and 
the  outlet  cues,  3  and  4.  When  i  and  3  are 
open  and  2  and  4  closed,  the  piston  moves 
downwiirils,  but  when  3  and  4  are  open  and 
I  and  3  closed,  the  motion  takes  place  in  an 
upward  direction.  To  the  upper  end  of  the 
piston  rod,  is  screwed  the  thrust  plate  /, 
through  which  pass  three  stud  pins  (not 
shown  in  illustration)  screwed  into  anothui.' 
thmst  plat«  g.     Between  these,  are  two  sets 

of  ball  bearings,  one  set  on  each  side  of  the  collar  h,  which  is 
^xed  to  the  drive  rod  i.  To  the  opposite  end  of  this  drive  rod 
is  secured,  by  means  of  an  ordinary  chuck,  the  wrought-iron 
pipes  to  which  the  drilling  cylinder  (Fig.  27)  is  attached,  so  that 
the  collar  k  transmits  the  vertical  motion  of  the  hydraulic  piston 
to  the  drilling  crown. 

The  advantages  of  the  hydraulie  feed  are  ;  economy  of  time, 
saving  of  diamonds,  and  accuracy  and  siifety  in  operation.  Tlie 
sjnount  of  water  admitted  to,  or  released  from,  the  hydraulic 
cylinder  can  he  varied  to  any  degree,  by  simply  adjusting  the 
inlet  and  outlet  valves,  and  as  the  feed  depends  entirely  on  that 
amount,  it  follows  that  it  can  be  adjusted  to  the  greatest  nicety. 
The  hydrauhc  feed  allows  the  drill  to  run  with  slightly  slower 
speed  on  suddenly  enteiing  hard  rock,  when  the  attendant  can  at 
once  give  the  amount  of  feed  the  machine  will  take  without  injury 
to  the  diamonds.  As  the  water  escaping  from  below  the  feed 
piston,  is  throttled  by  the  outlet  valveci  while  feeding  down,  and 
led  Dp  Kbove  the  level  of  the  bottom  of  the  piston,  it  follows  that 
tbo  water  cannot  escape  from  the  bottom  of  the  cylinder  faster 
tlum  it  enters  at  the  top.  Hence  the  lower  part  of  the  cylinder  is 
idwaysfv^  of  water,  and  in  cade  a  cavity  is  struck,  the  weight  of 
the  driU  rods  hanging  on  the  pietou  is  supported  by  this  body  of 
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water,  which  is  incompresaihle,  and  entirely  prevents  the  dropping 
of  the  rods.  When  a  cavity  is  struck,  the  hydraulic  feed  continueB 
downwards  as  regularly  as  in  drilling  through  hard  rock. 

An  important  detail  of  this  hydraulic  drill  is  the  friction 
bearing  (kk^  Fig.  28) ;  one  set  of  balls  sustains  the  weight  of  the 
rods  as  they  hang  in  the  drill  chuck,  the  other  set  sustain  the 
upward  thrust  of  the  rods  in  drilling.  This  device  reduces  to  a 
minimum  the  amount  of  work  lost  in  friction,  leaving  the  whole 
power  of  the  engines  to  be  devoted  to  drilling. 

The  great  advantage  and  superiority  of  the  diamond  boring 
system,  is  the  perfect  cores  obtained  from  rocks  of  moderate 
hardness,  which  enable  an  accurate  section  of  the  rocks  passed 
through  to  be  easily  constructed.  In  ordinary  soft  measures 
(such  as  coal),  owing  to  the  rotary  and  vibratory  action  of  the 
bore  tube  breaking  off  the  core,  which  falls  to  the  bottom  of  the 
hole  and  becomes  ground  into  mud,  the  indications  afforded  by 
this  method  in  such  ground  are  scarcely  better  than  the  slime  and 
debris  removed  by  sludgers  in  ordinary  boring.  The  breakage 
of  the  core  has  lately  been  obviated  to  a  considerable  extent  by 
the  boring  of  larger  holes,  the  larger  amount  of  core  inside  the 
crown  being  better  able  to  stand  shocks  than  the  smaller  ones  of 
the  earlier  borings. 

A  further  improvement,  by  means  of  which  the  amoimt  of  core 
extracted  has  been  considerably  increased  when  boring  through 
coal  and  soft  rocks,  is  described  by  Mr.  James  Barrow,*  the 
boring  tool  being  so  constructed  that  a  core  of  the  strata  can  be 
drawn  up  intact.  This  is  accomplished  by  the  use  of  an  internal 
stationary  core  tube,  rivetted  to  the  socket  of  the  ordinary  boring 
tube,  an  annular  space  being  provided  between  these  two  parts  for 
the  passage  of  water.  The  crown  on  the  boring  tube  is  stepped, 
to  facilitate  the  cutting  of  the  core,  and  as  the  boring  tube 
revolves «  the  crown  penetrates  through  the  strata,  and  the  core 
enters  the  inner  or  stationary  tube,  which  when  the  bore  rods  are 
raised  is  lifted  with  them  and  extracted.  When  in  operation,  a 
constant  stream  of  water  is  passed  down  the  annular  space 
between  the  exterior  of  the  core  tube  and  the  interior  of  the 
borinsf  tube. 

This  modified  tube  was  employed  at  Yillefranche  (Allier)  in 
J 876,  and  M.  Bauref  states  that  the  success  has  been  com- 
plete, as  the  greater  portion  of  the  cores  were  extracted  in  an  un- 
broken condition.  Not  only  did  they  obtain  a  complete  section 
of  the  rocks  passed  through,  but  they  reduced  the  breakage  and 
grinding  of  cores  at  the  bottom  of  the  hole,  which  so  materially 
increases  the  power  required  for  turning  the  tool  and  augments 
the  amount  of  debris  to  be  removed. 

The  modified  crown  was  put  to  work  on  12th  Oct.  1876,  when 

♦  So.  Wales  Inst.  xil.  42. 
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the  boring  had  reached  1684.7  ^^^^  from  the  surface,  aod  by  the 
5th  of  J&nuajy  1877,  745-6  feet  had  been  bored,  making  the  total 
depth  from  the  sorfaoe,  3430.3  feet.  The  length  of  core  extracted 
was  734.18  feet,  or  97.1  per  cent.,  while  with  the  original  form  of 
crown,  only  39.9  per  cent,  hod  beeii  obtained.  During  the  months 
of  Oct.  and  Nov,  1876,  463.3  feet  waa  bored  (from  1609.7  *•> 
3072.0  feet)  at  an  average  rate  of  1 1.887  f^^^  P^r  working  day, 
opeiationa  being  suspended  part  of  this  time,  while  negotiatioDS 
were  being  entered  into  iar  proceeding  deeper  with  the  bore- 
hole. 

For  very  soft  ground  the  diamond  drill  is  quite  useless,  and 
if  a  hole  is  proceeding  on  that  system,  and  Buch  ground  is 
encountered,  the  crown  is  removed,  and  percussive  boring  tools 
emplf^^. 

Aooldeiits  in  Boring. — If  it  were  not  for  accidents,  boring 
would  be  a  comparatiTely  easy  and  rapid  operation.  It  is  in  this 
division  that  the  skill  and  knowledge  of  the  bore-master  is  put  to 
the  test.  The  acddento  themselves,  and  the  tools  employed 
during  such  acddente,  nre  so  numerous  and  complicated,  that  a 
full  description  would  be  quite  out  of  place  here,  and  indeed 
impossible  to  give  within  the  limits  of  the  book. 

(a)  Atxidenta  anting  from   the  Boring  Tools  ihemeelves. — The 
constant  vibration  and  shocks  to  which  the  rods  are  subjected 
tends  to  rapid  deterioration  of  the  iron,  and  frequent  breakages 
foUow,     Often  the   workmen   do   not  screw  the  rods  properly 
together,  or  negligently  allow  them  to  drop  down  into  the  bottom 
of  the  hole  during  the  progress  of  unscrewing.     To  lift  up  the 
broken  part  of  the  rode,  a  tool  called  the  "crow's 
foot"  (Kg.  39)  is  employed ;  it  is  slipped  down  the       Figs.  »g 
hole,  and  twisted  round  until  the  hooked  part  catches        and  30. 
the  rods.  _        ^ 

If,  however,  the  fracture  had  taken  place  some 
distance  above  a  joint,  when  the  rods  were  raised  the 
top  part  would  catch  the  side  of  the  bore-hole,  as  the 
crow's  foot  itself  only  grips  at  a  joint.  In  such  cases, 
an  instruii;ont  called  a  "  bell "  is  let  down.  In  one 
form,  this  is  a  bell-ahapodtool(Fig.  30),  withascrew 
cut  on  its  inside.  It  is  dropped  down  on  to  the 
broken  rod,  and  cute  a  screw  thread  on  it.  All 
screwing  tools  for  removing  broken  rods  are  cut 
with  their  threads  right-handed,  so  as  not  to  dis- 
connect the  joints  of  either  the  rods  to  which 
they  are  attached,  or  those  that  are  broken  in  the 
hole. 

If  a  piece  breaks  olT  the  chisel,  or  any  small  tool 
or  otiier  hard  obstruction  drops  in  the  bore-hole, 
an  attempt  is  made  to  extract  it  with  an  im- 
plement resembling   a  double  corkscrew,  called  a   "wadhook 
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(Fig  31).  This  is  generally  successful,  but  if  all  attempts  to 
dislodge  the  obstruction  fail,  then  the  only  alternative  is  to  chop 
it  to  pieces.  Mr.  Mather,  in  the  paper  already  referred  to,  stat^ 
that  it  had  been  found  necessary  to  remove  both  the  heavy 
boring  head  and  sludger  employed  in  his  system  of  boring  by  such 
means.     Powerful  magnets  have  also  been  used  with  success. 

In  case  of  a  fracture  in  the  rods  (tubes)  of  the  diamond  system, 
an  ordinary  screw  tap  is  let  down  and  a  thread  cut  inside  the 
broken  pipe ;  in  large  bore-holes,  where  the  diameter  of  the  hole 
is  large  compared  with  that  of  the  tube,  a  crooked  piece  of  iron 
(a.  Fig.  32)  is  placed  at  the  lower  extremity  of  the  tap,  this 
guiding  that  piece  into  the  tube  in  case  it  should  be  leaning 
against  the  side  of  the  hole. 


Fig.  31. 


Fig.  32, 
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(b)  Accidents  arising  <mt  of  ike  Naixvre  of  the  Ground. — Unless 
the  strata  passed  through  is  of  considerable  hardness,  the  constant 
jarring  of  the  rods,  and  washing  action  of  the  water,  soon  causes 
the  sides  to  crumble  and  fall  in  over  the  tool.  A  very  soft  bed 
at  any  point  is  a  source  of  considerable  danger.  In  order  to 
prevent  serious  accidents,  it  becomes  necessary  to  line  or  case  the 
sides  of  the  bore-hole. 

Lining.— This  is  done  by  forcing  down  wrought-iron  tubes  in 
lengths  of  from  10  to  12  feet,  the  connections  between  each 
length  being  made  "  flush " ;  that  is  to  say,  there  are  not  any 
projecting  points.  The  lower  tube  is  provided  with  a  steel  cutting 
edge  (a,  Fig.  33). 

For  small  holes,  the  tubes  are  driven  down  by  dropping  a  heavy 
block  on  them,  about  20  to  30  blows  a  minute  being  given.  A 
superior  method  to  this  is  to  use  two  small  jacks,  which  exert 
pressure  equally  and  gradually,  and  avoid  shocks  and  risks  of 
bending. 

For  larger  and  deeper  holes,  hydraulic  pressee  are  employed 
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ikving  a  stroke  sufficient  to  force  down  one  length  of  tube  at  a 
time.  A  strong  fr&ming  is  built  over  the  hole,  and  beneath  this 
the  preRse-s  are  secured.  Both  the  hydraulic  rams  and  tubee  aj« 
carefully  guided  in  a  truly  vertical  direction, 

Heana  of  Widening  Holes. — When  a  hole  is  aised,  and  boring 
has  to  proceed  farther,  it  is  obvious  that  the  diameter  of  the  hole 
must  be  reduced,  as  the  tool  has  now  to  pass  through  the  tubes. 
In  order  to  prevent  this,  before  inserting  the  first  length,  the  hole 
is  slightly  enlarged  by  a  tool  called  a  "  reamer,"  which  ia  very 
similar  to  the  "  bell,"  except  that  it  ia  provided  with  a  cutting 
edge  round  its  circumference.  In  diamond  boring,  the  reamer 
consists  of  a  guide  the  siae  of  the  drilled  hole,  and  a  face  above  it, 
in  which  diamonds  are  set,  and  which  cuts  away  the  sides  of  the 
hole  above  the  guide. 

After  the  sides  have  been  cased,  and  boring  rei-Timeil,  it  fre- 
quently happens  that  additional  casing  is  required  ut  some  point 
lower  down  ;  then  either  narrow  tubes  must  be  sunk  through  the 
lirst  set,  to  reach  the  dangerous  part,  or  the  old  casing  is  removed 
by  one  of  the  methods  described  below,  and  the  hole  rebored  large 
enough  to  take  in  the  original  size  of  tubes.  As  a  rule,  the  latter 
method  is  not  adopted,  escept  when  the  bore-hole  has  became  so 
narrow  by  repeated  linings  that  the  lirst  method  cannot  be  em- 
ployed. 

A  special  tool,  introduced  by  the  Diamond  Boring  Co.,  is  de- 
scribed by  Mr.  James  Barrow."     It  consists  of  an  undercutting  or 
expanding  crown,  a  simple  arrangement  set  with  diamonds, 
whiehislowereddown  through  the  lining  tubes,and  expanded   p-jd, 
directly  it  gets  beneath  them.     In  revolving,  it  cuts  au-ay    34. 
and  enlarges  the  sides  of  the  bore-hole,  aftei'  each  10, 
or  30  feet  had  been  bored  in  advance  with  the  ordinary 
crown.      After  this,  the  lining  t.iibes  are  lowered  to  the 
bottom,  and  boring  resumed  in  the  ordinary  way.     With 
such  a  toot,  and  the  use  of  hydraulic  presses,  Soo  lineal 
feet  of  wrought-iron  lining  tubes,  weighing  about  50  tons, 
have    been    forced  down   a   bore-hole   in   one   continuous 

Withdrawal  of  Casing — Eitherwhen  the  hole  ia  finished 
and  abandoned,  or  when  inserting  tubes  of  greater  diameter, 
the  lining  has  to  be  removed.  Where  the  friction  is  not 
great.  Kind's  plug  (Fig.  34)  can  be  used.  This  conaiste  of 
an  oval  ball  of  wood  slightly  less  in  diameter  than  the  inside 
of  the  tube.  It  is  lowered  down  on  the  rods,  and  a  f 
handfuls  of  sand  or  gravel  thrown  on  the  top.  This  causes 
it  to  bite,  when  the  tubes  can  be  lifted  out. 

Should  the  friction  be  too  great  to  allow  the  casing  to  be 
removed  in  one  length,  it  is  cut  thi-ough  by  the  tool  shown  in 

•  60,  Wales  Inat.  li.  318. 
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Fig.  35.  Thia  is  provided  with  a  sharp  cutting  point  a,  pressed 
agaiuBt  the  side  of  the  tubes  by  a  strong  spring  *.  On  reaching 
the  point  where  the  severance  is  to  be  made,  the  tool  is  revolved 
round  and  round  until  the  lining  is  cut  through, 
Fio.  3S  *KD  36.  when  the  upper  portion  can  either  be  removed 
by  Kind's  plug,  or  by  a  similar  class  of  tool  (Fig. 
36)  having  two  spring  clips  a  a',  which  are  pressed 
inside  the  ebank  b  so  long  a^  lowering  is  taking 
place,  but  which  spring  out  and  catch  beneath 
the  lining,  immediately  the  place  cut  through  is 
reached.  These  clips  cannot  be  forced  aside  in 
the  upward  passage,  and  so  the  casing  is  with- 
drawn. 

Beoord  of  Boring. — Exact  records  should  be 

kept  of  the  work  done  each  day,  the  strata  bored 

through,  and  its  thickness.    Each  aludgerfull  of 

if^,     matenal  whould  be  carefully  examined,  and  sam- 

'.  /        pl^  taken  and  kept  for  reference.     These  are 

beat  kept  in  small  wooden  boxes  and  labelled. 

The  label  should  note :  place,  date,  depth,  sort 

of  material,  and  any  remarks  necessary.    Memory 

should  never  be  relied  upon.     Neglect  of  these  precautions  baa 

resulted  in  the  loss  of  considerable  sum^  of  money,  owing  to  mis- 

informatioD,  at  a  subsequent  date. 

Cost  of  Boring. — This  depends  in  a  great  measure  on  the 
depth  to  which  the  hole  is  carried.  A  common  form  of  tender  is, 
that  the  price  per  foot  increases  at  a  certain  figure  for  every  stated 
increase  in  the  depth.  As  a  result,  one  foot  at  the  bottom  of  & 
hole  may  be  more  expensive  than  several  feet  at  the  top.  In  view 
of  this  fact,  when  commencing  a  boring,  a  shaft  is  generally  sank 
down  some  distance,  and  the  bore-hole  staited  from  the  bottom. 
The  low  rate  is  then  counted  from  the  shaft  bottom,  not  from  the 
surface,  so  that,  by  sinUng  the  pit,  a  length  equal  to  its  depth  la 
cut  ofFfrom  the  bottom  of  the  bore-hole,  which  would  be  at  the 
highest  rate.  It  is  stated  •  that  the  bore-hole  at  Sperenberg, 
4170  feet  deep,  made  with  rigid  rods  and  percu^ive  action,  cost 
41s.  per  foot ;  while  an  average  of  a  series  of  37  rope-borings,  with 
depths  vai-ying  from  80-1300  feet,  cost  4i».  3^.  per  foot.  Mr.  T. 
J.  Bewick  t  states  that  the  first  hole  at  Middlesbrough,  bored  by 
Mather  luid  Flatt's  system,  was  1200  feet  deep,  and  cost  about 
£8  6«.  Sd,  per  foot.  It  is  nearly  impossible  to  compare  the 
several  systems,  as  the  conditions  may  be  quite  diiTerent  in  each 
instance.  In  ordinary  strata,  the  Diamond  Drilling  Company  will 
contract  to  put  down  a  hole,  commencing  at  the  surface  with  a 
diameter  of  9  in.  at  a  price  of  is«.  per  foot  for  the  first  500  feet, 
and  from  500-1000  feet,  259.  per  foot,  =  2ca.  per  foot  for  looo 
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I  eampwtj  pronding  aU  lafaoiir  and  tacUa  (execpt  UniBg 
tab^  sho«i)d  sock  be  required),  fnel,  carriage,  and  ^na ;  bat  Um 
emptofer  has  to  preside,  gratis,  on  the  ate  of  the  boriiig,abiwl  lo 
to  13  galloDS  of  water  per  Bimite  for  engine  and  otiier  porpOMS. 
This  price  woold  not  vaij  mocb  even  if  the  ixAe  was  of  smalW 
dt&meter. 

Mr.  II.  M.  Chance  "  aUtea  that  the  avnage  cost  of  driUing  * 
well,  by  the  American  rope  system,  in  the  mi  oountrj  in  1878 
(incln^ng  the  coet  of  the  plant)  for  a  1500-feet  hole,  was  £403, 
or  A  little  over  6s.  per  foot.  As  prices  were  at  their  lowest  ebb 
then,  this  estimate  ahoold  be  increased  aboat  30  %  to  make  it 
available  for  comparison  with  other  methods  in  1SS2  ;  but  as  the 
plant  woold  have  some  value  when  the  operations  were  coaclude>], 
he  states  that  the  net  cost  of  a  i5oo-feet  prospecliug  hole  (ia 
iS8i)  would  be  j^jSo,  or  about  5*.  per  foot.  At  the  same  time, 
he  points  oat  that  the  coet  of  drQling  holes  by  this  method  iu  the 
anthracite  regions  will  be  very  much  greater  than  that  shown  by 
the  above  figures,  because  the  rocks  ore  much  harder,  and  are  in- 
clined at  considerable  angles  from  the  horizontal.  Mr.  R.  A.  S. 
Redmayne  |  states  that  the  bore^hole  pat  down  by  this  system  at 
Middlesbroagh  for  salt  cost  Ss.  per  foot,  the  depth  reached  being 
tiio  feet,  and  the  diameter  8  in. 

Sarrering  Bore-holeB. — The  great  difficulty  in  boring  is  to 
keep  the  boles  truly  vertical,  and,  in  spite  of  all  efibrts  to  the 
contrary,  crooked  bores  are  common,  espedally  whei-e  the  beds 
are  inclined.  Ko  rules  cau  be  givea ;  the  only  thing  to  be  done 
is  to  exerciiie  the  greatest  care.  Unfortunately,  bore-boles,  by  all 
the  methods,  are  liable  to  deviate  from  the  perpendicular,  the 
diamond  drill,  which  was  assumed  to  always  bore  a  perfectly 
straight  hole,  being  no  better  than  any  of  the  other  systems. 
However,  if  an  accurate  survey  be  made,  a  crooked  hole  gives  just 
as  valuable  information  as  a  straight  one. 

In  the  method  devised  by  Mr,  B.  F.  Macgeorge,!  clear  glass 
phials,  filled  with  a  hot  solution  of  gelatine,  and  each  containing 
in  suspenaioD  a  magnetic  needle  and  a  very  delicate  plumb-bob, 
are  lowered  into  the  bore-hole,  and  allowed  to  remain  there  until 
the  gelatine  sets,  when  they  are  withdrawn,  and  by  means  of  a 
special  instrument  the  angles  of  the  compass  and  the  plumb-bob 
ore  noted.  Another  suggestion  §  is  to  lower  into  the  bore-hole 
glass  cylinders  containing  hydrofluoric  acid,  which  etclies  a  line  on 
the  gla.ss.  Both  these  methods  are  reviewed  by  Mr.  B.  H.  Brough,|| 
who  gives  a  full  description  of  the  instruments  employed  and  the 
way  of  using  them. 
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The  UBSB  of  Bora-holes  in  Hines  are  many  and  vti1iiabl«.' 

Every  colliery  ought  to  be  provided  with  a  set  of  tools,  and  men 
instructed  in  theii'  use. 

(o)  Tajtpinii  Waler. — A  provision  of  the  Coal  Mines  Segula- 
tion  Act,  1887,  is  to  the  effect  that  all  roada  approaching  old 
workings,  where  there  are  likely  to  be  dangerous  occumulatioDs  of 
water,  should  be  preceded  with  bore-holes.  One  bore-bole  is 
usually  kept  straight  ahead  for  a  distance  of  about  5  or  6 
yards,  and  flank-holes,  at  an  angle  of  45°  with  the  centre  line  of 
road,  are  put  out  for  a  similar  distance  on  each  side.  The  general 
practice  with  the  leading  bole  is  to  bore  in  a  certain  distance,  and 
then  remove  part  of  the  face,  a  further  length  being  then 
bored  before  any  more  ground  is  removed.  In  this  way,  the  dis- 
tance from  the  face  to  the  bock  of  bore-bole  is  never  less  than  5 
yards.  Where  wat«r  is  expected,  plugs  should  be  kept  in  readi- 
ness to  drive  in  immediately  it  is  released;  or,  if  the  pressure  is 
likely  to  be  great,  it  ia  beat  to  bore  through  a  length  of  pipes  fltted 
with  a  tap. 

(6)  RtUaaing  Got. — In  collieries  liable  to  sudden  outbursts  of 
fire-damp,  bore-holes  are  systematically  put  out  of  the  working 
places  into  the  layers  of  strata  in  which  the  gas  aecumulntes,  in 
order  to  drain  it  out  gradually.  At  WbarncHSe  Silkstone,  and 
other  collieries  where  this  procedure  is  adopted,  it  has  met  with 
Buccess, 

(c)  Proving  Faults, — Bore-boles  are  of  the  greate.st  assistance 
in  determining  the  amount  of  tlirow  of  faults,  and  have  saved 
considerable  sums  of  money,  which  would  otherwise  have  been 
spent  in  unprofitable  exploratory  work.  With  their  aid  one  can 
determine  the  gradient  required  to  drive  the  roads  that  will  in- 
tersect the  dislocated  seam.  Especially  is  this  the  case  where  the 
hade  of  the  fault  is  vertical  or  ill~defined,  as  they  actually  prove 
in  such  instances,  whether  it  is  an  upthrow  or  downthrow. 

Owing  to  the  confined  space  in  roadways,  the  cost  of  Iwring  is 
rather  high,  as  much  time  is  wasted  in  screwing  and  un-screwing 
rods.  From  a  number  of  cases  carried  out  under  the  author's 
direction,  the  cost  per  foot  averaged  4*.  for  distances  bored  of  about 
30  feet,  with  diameter  of  hole  3  inches,  the  rate  of  wages  paid  to 
men  being  5s.  6d,  per  day  of  eight  hours.  The  cost  of  boring  uphill 
seems  less  expensive  than  downhill,  if  the  weight  of  boring  tackle 
is  counterbalanced,  as  the  disadvantage  of  clearing  out  the  bole 
and  unscrewing  of  rods  for  such  purpose  is  removed. 

{d)  Steam  and  Rope-vsayg. — The  anthracite  region  of  Penn- 
sylvania supplies  numerous  instances  of  the  employment  of  boi'e- 
holee  for  steam  and  rope-ways  passing  from  the  surface  to  the 
interior  of  the  mine."  At  Shenandoah  City  slope,  an  8-in.  hole  was 
bored  by  the  method  employed  in  the  oil  regions,  and  lined  with 
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5j-in.  cAsing,  through  which  a  rope  travels,  the  space  between 
the  casing  aod  the  rock  being  filled  in  with  cement.  The  engines 
and  boilera  are  on  the  surface.  Another  hole,  6  in.  diameter,  was 
then  bored,  and  two  lines  of  i-in.  gas^pjpe  laid  in  it,  the  interstices 
between  being  filled  in  with  cement.  One  pipe  is  used  for  a 
speaking-tube  and  the  other  for  a  bell-wire  to  the  engineer  at  the 
machinery  on  the  tiurface.  At  East  Franklin  Colliery  the;'e  are 
two  bore-holes,  each  8  in.  diameter,  cased  and  cemented,  763  feet 
deep.  These  holes  nre  7  feet  apart,  and  are  used  to  hoist  from 
a  double-track  underground  slope.  At  Lincoln  Colliery,  an  S-in. 
hole  is  used  to  convey  steam  to  an  underground  pump  through 
4^in.  steam-pipe.  Aa  this  hole  wiiw  remarkably  dry,  it  was  not 
cased.  At  the  Clear  Spring  Colliery.  West  Pitt*iton,  a  6-in.  hole  waa 
diiUed  270  feet,  and  a  line  of  4^-ia.  steam-pipes  inserted.  This 
bole  was  not  cased,  and,  owing  to  the  How  of  about  ^in.  stream 
of  water  down  it,  condensation  was  so  great  that  the  pressui-e  was 
lowered  from  120  lbs.  at  surface  to  40  lbs.  at  bottom  of  hole. 
Aft«rwards,  the  space  between  the  rock  and  the  steam-pipe  was 
cemented,  and  a  4-in.  steam-pipe  placed  inside  the  4^-in.  pipe,  with 
the  result,  that  the  steam  pressure  at  the  bottom  of  the  hole  was 
the  same  as  on  the  surface. 

These  holes  have  also  been  successfully  used  in  dealing  with 
mine  fires,  for  providing  water  supplies,  and  for  other  purposes 
connected  with  mining. 
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ContraotH. — The  greatest  proportion  of  the  miner's  work,  coDsiets 
in  i-emoving  and  breaking  up  different  varieties  of  rock,  and  to  do 
this  various  Bpecial  toola  are  employed.  Usually  the  different  quali- 
ties of  ground  are  let  by  contract  to  men,  and  it  is  hero  that  ex- 
perience is  of  the  greatest  uso,  as  only  from  that  is  it  possible  to 
judge  of  the  value.  Hardness,  in  a  mining  sunse,  is  different  from 
the  same  term  looked  at  from  a  mineralogical  standpoint.  Ground 
that  is  hard  and  brittle,  will  often  bore  better  than  a  softer  variety 
which  is  tough,  because  in  the  former  instance,  the  blows  break 
off  small  pieces,  while  in  the  latter,  the  chisel  has  to  cut  its  way. 
Another  point,  is  the  question  whether  the  ground  will  "shoot" 
well,  that  is  to  say,  whether  it  contains  a  number  of  faces,  or 
joints,  which  easily  break  away  fi-oni  the  surrounding  mass  under 
the  action  of  explosives,  or,  at  any  rat«,  allow  the  material  to  bd 
BO  shaken  that  it  is  easily  removed  by  wedging.  At  one  of  the 
collieries  under  the  author's  charge,  numerous  intrusions  of  ba- 
saltic rock  are  met  with,  and  he  has  adopted  a  system  for  judging 
the  value  of  roading,  which  is  worthy  of  mention.  A  sample  of 
every  intrusion  is  kept  and  labelled,  with  the  price  per  yard  paid 
for  driving  thi'ougb  it,  and  in  addition,  a  microscopical  section  is 
cut  from  the  specimen.  When  other  intrusions  are  met  with,  & 
piece  is  broken  from  each  of  them,  and  a  section  cut  and  carefully 
compared  with  other  pieces  and  sections  of  which  the  price  is 
known.  From  this  compaiiaon,  the  price  to  bo  paid  to  the  work- 
men is  found. 

Hethoda  of  Hastening  Work. — The  commonest  plan  of 
hastening  work,  and  one  that  gives  good  results,  is  to  pay  the 
men  a  bonus  for  every  extra  yard  they  drive  over  a  certain 
stipulated  amount.  So  far  as  working  is  concerned,  perhaps,  the 
cheapest  way  is  to  only  work  one  shift,  for,  as  a  rule,  the  night 
shift  leave  work  behind  for  the  day  men  to  do,  If  different  shiftB 
of  men  are  employed,  the  best  way  is  to  measure  up  the  amount 
each  shift  does,  and  pay  them  on  it,  as  by  this  means  each  set  of 
men  know  that  they  will  receive  the  money  for  all  the  work  they 
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do,  and  oDnsequently  work  harder.  Where  rapidity  is  the  maia 
object,  dx-hour  shifts  are  adopted,  with  one  workmaD  always 
remaining  to,  and  stiit-tiDg  from,  the  middle  of  a  shift.  This  one 
doed  all  odd  work,  fetching  tools,  &c. ;  the  regular  workmen  ai'e 
then  able  to  keep  constantly  at  the  face. 

TOOLS  USED. — SbOTelfl  are  principally  used  for  removing 
broken  debris,  and  always  have  pointed  noses,  to  enable  them  to 
get  past  the  larger  pieces  of  loose  stuff.  The  length  oE  handle 
\-artea  ;  cnmmonly  it  is  about  30  in.,  this  being  set  at  an  angle 
of  from  140°  to  160*  with  the  sui-faoe  of  plate,  which  varies  from 
S  to  16  in,  across.  In  some  districts,  baskets  are  used  for  load- 
ing in  preference  to  shovels,  the  coal  being  raked  into  them. 
They  are  largely  employed  in  the  South  Staffordshire  coal-held, 
and  are  made  of  wicker-work  for  the  working  places,  and  of  iron 
for  gate-roads,  the  reason  of  this  being,  that  the  former  are  practi- 
cally noifielees.  With  them,  a  man  certainly  loads  more  stuff  than 
with  a  shovel,  especially  where  the  ground  is  uneven,  as  in  such 
cases  the  shovel  catches  on  projections.  Their  application  is 
limited  to  thick  seams. 

Ficka. — -These  vary  much  in  shape  for  different  uses  and  dif- 
ferent qnaliticA  of  ground,  for  holing  purposes,  where  the  blow 
is  struck  in  a  horixontat  direction,  the  weight  is  small,  generally 
about  3  lbs.,  with  a  head  15  in.  long,  and  a  helve  from  34  to 
33  in.  The  head  will  be  slightly  curved  for  holing  along  a 
straight  long-wall  face,  as  the  miner  naturally  swings  his  pick  in 
a  curve,  and  the  blow  is  then  delivered  in  the  direction  the  instru- 
ment is  moved.  If,  however,  the  miner  is  under-cutting  in  a 
narrow  road,  and  working  in  the  corners  against  the  "  fast,"  the 
carved  head  cannot  be  employed,  as  the  curved  portion  would 
catch  against  the  side  before  the  point  entered.  For  cutting  coal 
or  breaking  rock,  the  shape  of  the  shank,  or  stem,  is  usually 
square  in  section,  tapered  to  a  point ;  while  for  dressing  rocks  when 
sinking,  a  chisel-shaped  edge  is  employed.  For  coal  work,  the 
shank  tapers  uniformly  from  the  eye  to  the  point;  hut  for  stone 
work,  the  point  tapers  suddenly,  like  the  sharpening  of  a  pencil. 
The  head  part  is  fitted  into  a  wooden  stem,  caUed  the  helve,  upon 
which  the  greater  strain  of  the  work  is  thrown ;  so,  to  prevent 
,  rupture  of  the  wood  the  eye  should  be  made  as  broad  and  long  as 
possible,  and  the  two  side  cheeks  carried  down  the  helve  a  good  dis- 
tance. On  the  other  hand,  for  under- cutting,  where  the  tool  works 
in  a  narrow  slit,  the  eye  must  be  made  as  slim  as  possible ;  if  not, 
the  pick-head  cannot  be  turned  sufficiently  to  enable  the  point  to 
catch  the  sides  of  the  cut-  Helves  are  generally  made  of  good 
straight-grained  ash,  nicely  rounded  to  fit  the  hands  of  the  miner. 

American  hickory  helves  are  becoming  largely  employed,  the 
only  objection  raised  against  them  being  that  they  are  rather  too 
springy,  and  jar  the  hands  in  delivering  a  blow.  This  objection, 
probably,  arises  more  from  prejudice  than  anything  else. 
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A  pick  worthy  of  mention  is  thnt  known  as  the  Riwlaitte,  em- 
ployed by  the  French  and  Belgian  miners  for  heling  in  tliin  in- 
ctiiie<t  tieame.  It  is  made  of  flat  st««l,  nbout  ^  in.  thick,  tsd  the 
helve  is  from  3  ft.  G  in.  to  4  ft.  long  {Fig.  37),  so  that  the  miner 
does  not  have  to  get  his  anns  under  the  fiice.  A  very  narrow 
slit  is  mnde,  and  wa^te  is  reduced  to  a  minimum. 

In  the  day,  a  workman  spoils  the  points  of  several  picks,  which 
he  has  to  bring  to  the  surface  to  get  sharpened.  The  labour  of 
doing  thisisconsiderable,  and  numerous  devices  have  been  brought 
out  with  a  view  of  lightening  it.  The  oldest  consists  in  employ- 
ing loose  points,  held  in  position  by  a  screw,  but  the  idea  is  3, 
failure,  oiving  to  the  difficulty  of  keeping  them  tight  and  fii-ai, 
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which  is  only  possible  when  they  are  new.  A  better  plan  is  that 
of  the  Hardy  Pick  Co.,  which  consists  in  maldng  the  head  loose, 
and  either  employing  a  tapering  helve,  getting  slightly  broadei' 
towards  the  top,  and  threading  the  head  over  the  end  of  the 
handle,  and  allowing  it  to  slide  down  into  its  proper  positioii  (Tig, 
38),  or  byrecessing  the  head  of  the  pick,  and  fitting  it  into  a  rect- 
angular iron  collni'  at  the  top  of  the  helve,  ajid  securing  it  in 
position  by  means  of  a  sliding  wedge  (Fig.  39).  Originally  a 
double  wedge  was  employed,  with  a  view  of  making  a  more 
secure  joint,  and  allowing  for  ;ivear  ;  but  experience  has  showij 
that  no  necessity  exists  for  this,  and  the  single  wedge  pattern 
is  most  in  favour. 

The  tendency  nt  the  present  day  is  to  construct  picks  entirely 
of  steel,  instead  of  wrought  iron  with  steel  points.  Without 
repeating  this  remark  again,  it  may  bp  tJiken  as  true  with  regaid 
to  every  other  class  of  mining  tools.  The  texture  of  steel  is  such, 
that  it  transmits  a  blow  better  than  softer  iron,  and  as  it  is 
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stnogm,  the  weight  of  the  tool  is  less ;  conaequentlv  the  point 
leceivee  the  impact  bett«r.  Then  again,  the  wearing  capacity 
of  steel  tooU  tA  very  much  greater,  and  repiiirs  are  consequently 
Iks. 

Dressers. — For  breaking  up  all  large  pieces  of  coal  and  I'ock, 
a  tool  shown  in  Fig.  40  is  ueed.  The  direction  of  the  blow  being 
iloVQwards,  it  is  made  ver^  much  heavier  than  au  onlinary  pick. 
One  side  of  the  head  forms  a  curved  pick,  and  the  other  a 
bunmer.  The  heh'e  is  not  straight,  like  that  of  a  pick,  but 
curred,  and  aa  it  is  largely  used  for  wrenching  purposes,  twa 
Strengtheaing  ^de  stripe,  a  a,  pass  from  the  eye  up  the  helve. 

Fio.  40. 


WedgQB, — These  are  most  useful  tools  for  breaking  up  hard 
rocks,  udJ  getting  down  pieeCH  shaken  by  shots.  Their  ahiipea 
are  few,  but  hardei-  rocka  i-equire  smaller  wedges  than  softer 
ground,  as  in  the  latter  cuae  a  small  tool  would  only  push  its  way 
into  the  rock,  and  be  buried  in  it.  The  general  shape  is  shown  in 
Pig.  41.  The  striking  end  is  made  small,  bo  that  the  blow  is  deli- 
vej'od  in  thecenti'e.  For  soft,  cloddy  varieties  of  ground,  the  pene- 
tniting  end  is  made  somewhat  of  a  chisel  shape,  as  this  tends  to 
Bplit  it  very  well ;  but  with  harder  varieties  of  rock,  small  dumpy 
wedges  ai-e  adopted,  gmdually  tapering  towards  the  extremity, 
and  suddenly  sharpened  to  a  point. 

Hammers. — -The  common  form  (Fig.  42)  consists  of  an  eye  and 
two  stems;,  tapered  down  to  form  the  striking  faces,  which  are 
slightly  convex,  and  have  their  edgoH  rounded  or  cliamfered  off, 
BO  that  the  hammer  glances  off  the  object  struck  when  the  blow 
is  misdirecte<l,  and  prevent--;  injuiy  to  the  hand  of  the  man  hold- 
ing the  drill.     The  only  diU'ereuce  between  hammeiti  and  aledges 
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is,  that  the  latter  are  heavier,  and  the  blow  ia  delivered  with  both 
hands.  For  wedge-driving,  long,  tapering  headii  are  adopted,  bo 
that  they  uiay  follow  the  wedge  right  into  the  mineral ;  while  for 
drilling,  shortei'  heads  are  used,  as  in  them  the  material  is  well 
concentrated,  and  the  blow  takes  greater  eSect. 

DtUIb. — For  the  present,  it  is  proposed  to  treat  only  of  those 
drills  worked  by  hand.  These  may  be  divided  into  percussiva 
and  rotary  borers.  The  former  are  either  worked  by  the  miner 
grasping  the  tool,  and  giving  it  s.  reciprocating  action,  or  one  end 
,of  the  tool  ia  struck  with  a  hammer.  The  latter  may  be  sub- 
divided into  two  elates,  one  of  which  wears  the  mineral  away 
(diamond),  while  the  other  crushes  the  rocks,  and  reduces  them  to 
small  fragments,  this  being  done  either  by  a  screw  working 
through  a  nut,  or  by  hydraulic  pressure  (Brandt's). 

Compaiing  percussive  borers  with  rotary  ones,  the  useful  effect 
of  the  force  expended  is  decidedly  in  favour  of  the  latter.  In 
hand  tools  of  the  former  cIosih,  about  half  the  time  is  expended  in 
bringing  back  the  hammer  into  place  to  deliver  a  fresh  blow,  and, 
in  addition,  a  considerable  amount  of  power  is  wasted  in  the 
inertia  and  rigidity  of  the  tools.  Ill-directed  blows  are  also  a 
source  of  loss.  Even  with  machine  drills,  the  same  objections 
hold  good,  but  hei'e  the  undoubted  advantage  is  the  obtaining  of 
deep  holes.  In  harder  rocks,  pei-cusstve  action  ia  necessary,  but 
in  softer  materials,  easily  disintegrated,  the  debris  tends  to  choke 
the  hole,  jam  the  drill,  and  cushion  the  blow.  As  the  gene- 
rality of  coal-measure  rocks  can  be  penetrated  by  rotary  drills, 
it  seems  preferable  to  use  that  class. 

FercufisiTe  Hand-tools.^ For  soft  rock,  the  tool  employed  is 
called  a  "  jumper,"  the  hole  made  being  a  large  one.  It  consists 
of  B  bar  of  iron,  from  s  to  6  ft.  long,  having  a  broad  curved  bit 
at  one  end.  This  bar  ia  grasped  by  the  miner  in  both  hands,  and 
a  reciprocating  motion  given  to  it,  and  at  the  same  time  it  is 
slightly  turned  between  each  blow,  so  that  the  cutting  edge  strikes 
in  a  fresh  place  each  time. 

This  method  is  only  applicable  in  soft  varieties  of  rock,  and  ia 
Boon  replaced  by  the  system  in  which  the  tool  ia  struck  a  blow  with 
a  hammer.  Here  two  divisions  of  labour,  called  single  and  double 
hand  sets,  may  be  noticed.  In  the  former,  a  man  holds  the  drill 
in  one  hand  and  delivers  blows  with  the  other;  in  the  latter, 
one  man  holds  and  turns  the  drill,  while  the  striking  is  done  hy 
another  man,  and  sometimes,  in  very  hard  ground,  by  two  men.  In 
single-hand  tools,  small  drills  are  employed,  and  the  power  expended 
is  more  effectively  applied  than  in  double-hand  sets  using  larger 
tools,  as  in  the  latter  cose  one  man  is  solely  employed  turning  the 
drill.  The  bits  too,  in  small  drills,  stand  better  than  large  ones, 
which  is  probably  account«d  for  by  the  more  uniform  temper.  The 
blows  delivered  with  the  small  drills  are  more  rapid  and  light,  thia 
being  advantageous  in  a  hard  sihceous  rock,  as  there  is  more  ten- 
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dsDC?  to  break  it  off  is  small  pieces,  requiring  the  expenditure  of 
less  power,  and  there  is  also  lees  liability  to  injure  the  tools.  The 
drills  a!  both  classes  are  composed  of  a  stem  {generally  of 
octagonal  section),  a  striking  face,  and  a  bit.  The  end  which  re- 
ceives the  blow,  is  made  smaller  in  diameter  than  the  stem,  so  that 
the  blow  strikes  dead  in  the  centre.  The  remarks  previously 
made  about  constructing  picks  of  steel  apply  more  especially  here. 
Steel  being  so  much  stronger  than  iron,  the  stem  can  be  materially 
decreased,  and  the  mass  through  which  the  blow  has  to  be  de- 
livered is  correspoDdingly  reduced,  with  the  result,  that  the 
power  expended  is  more  effectively  employed. 

The  edge  of  the  chisel  is  generally  curved  to  a  certain  extent, 
mora  so  for  softer  rocks  than  for  harder  ones.  The  edges  also  are 
less  acute  for  the  latter  class.  In  boring  a  hole  of  any  depth,  the 
first  tool  used  is  shorter  than  the  following  ones,  and  the  breadth 
of  the  bit  of  each  succeeding  drill  is  less  than  the  one  before,  so 
that  the  tool  can  clear  itself  and  follow  freely  in  the  hole.  The 
great  thing  in  hand-drilling  is  to  properly  tui'n  the  drill,  30  that 
the  hole  is  round ;  otherwise  it  is  impossible  to  bore  deep  holes, 
and  the  cartridges  employed  for  blasting  do  not  fit  properly, 
levying  spaces  in  which  the  gas  expands  when  the  shots  are  fired, 
and  the  useful  effect  is  lessened.  In  the  Cleveland  iron  mines, 
triangular  holes  are  bored  and  loose  powder  employed,  it  being 
claimed  that  such  form  is  specially  advantageous  in  the  deposite 
of  that  district ;  but  machine  drills,  boring  round  holes,  are 
making  great  headway  there. 

There  is  a  special  art  in  sharpening  and  tempering  tools.  The 
blacksmith  must  be  experienced  in  the  different  qualities  of 
ground.  The  only  objection  raised  against  steel  toob  is,  that  the 
pointA  sometimes  break  off  with  the  first  blow  or  two  after  being 
put  to  work.  The  Fault  in  such  cases  does  not  so  much  lie  with 
the  steel  as  with  the  smith,  as  the  explanation  of  the  sudden 
fracture  is  that,  in  hardening  and  tempering  the  point,  the  tool  is 
plunged  into  cold  water  whilst  a  portion  of  it  is  yet  at  a  red  heat, 
the  consequence  being  that  the  steel  is  made  as  brittle  as  glass. 
In  sharpening,  in  no  case  shonld  the  tool  be  heated  to  more  than 
K  blood  colour,  and  no  further  up  the  stem  than  is  absolutely  necea- 
saty,  and  it  should  then  be  hammered  lightly  and  quickly  until 
quite  black.  After  being  sharpened,  it  is  perhaps  best  to  allow 
the  tool  to  cool  down  before  it  is  tempered;  but  such  is  not  abso- 
lutely necessary,  so  long  as  it  is  not  made  red-hot  too  far  from  the 

Id  hardening,  the  tool  should  not  he  heated  further  up  than 
I  in.  from  the  point,  and  it  is  then  dipped  into  cold  water  for 
about  I  in.,  leaving  ^  in.  still  at  red  heat.  The  edges  of  the 
tool  will  then  he  filed,  so  that  the  polished  surface  of  the  metal  is 
exposed  to  the  atmosphere,  when  the  heat  remaining  in  the  top 
part  gradually  passes  towards  the  thin  edge,  and  various  ooloui-s 
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sncceesiTely  appear  on  its  gurface,  these  indicatint,'  the  tflmperatnrt 
the  metAl  has  attained  and  tLe  degree  of  hardnetis  still  remaining 
Id  the  steel ;  when  the  desired  colour  appears,  the  article  it 
plunged  into  water,  completelv  cooled,  and  retains  the  temper,  a 
it  is  taiUed.  Thecoloursappearingon  the  sleel  during  the  tempering 
prwess  vary  from  a  faint  yellow,  through  brown  and  purple,  t«» 
foil  blue  colour,  the  former  giving  the  very  hardest  temper,  whiio 
in  the  latter  the  metal  is  so  far  softened  as  to  permit  of  a  little 
bendiiig  in  small  articles  before  any  fracture  takes  place.  The 
experience  of  the  smith  ie  the  only  guide  as  to  which  hardness  the 
tool  should  be  tempered.  It  mugt  be  harder  than  the  mineral  to 
be  attacked,  but  should  also  be  soft  and  tough  enough  not  to  be 
brittle.  There  is  no  advantage  in  having  a  veiy  hard,  brittle  to(J 
to  cut  soft  rock. 

Scrapers. — In  percu^ve  boring,  the  dcbri.s  produced  at  tlie 
bottom  of  the  hole  is  cleaned  out  from  time  to  tiiQe  by  the  use  of 
a  tool  called  a  scraper,  which  genej-ally  consists  of  a  rod  of  copper, 
with  a  circular  disc  at  right  angles  to  it  at  one  end,  and  a  semi- 
r  groove,  like  a  cheese-scoop,  at  the  other  (Fig  43).    UnJM 
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the  disc  end  is  considerably  less  in  diameter  than  the  hole,  the 
powdered  mineral  is  pushed  right  to  the  bock,  and  prevents  the 
bit  getting  at  the  rock  when  it  is  re-inserted.  To  dilute  the 
eludge,  and  prevent  the  tool  from  sticking  and  getting  hot,  wat«r 
is  introduced  in  downhill  holes ;  a  little  ring  of  straw,  or  a  piece  of 
leather  with  a  hole  in  it.  through  which  the  tool  passes,  is  put 
over  the  hole  to  pi-event  the  sludge  spurting  out. 

Tamping  or  Bamming.— When  a  hole  has  reached  its 
requii'ed  depth,  the  blasting  charge  is  inserted  and  rammed  ;  th&t 
is  to  say,  some  material  is  placed  over  it  to  prevent  the  escape  of 
the  gases  through  the  front  of  the  hole,  and  so  confine  them  at 
the  beck  of  it,  their  only  escape  being  to  blow  out  the  rock,  la 
preparing  the  hole,  it  is  carefully  scraped  out  for  the  last  time, 
and  if  water  has  been  used  during  boring,  it  is  dried  by  connect- 
ing to  the  scrajier  a  smaJI  wisp  of  hay,  or  rag,  which  forms  a  sort 
of  plug,  and  sucks  up  moisture ;  or,  if  the  hole  is  very  wet,  the 
claying  or  "  bulling  "  iron  is  employed.  Tliis  consists  of  a  stem 
of  wood  (n.  Fig.  44)  and  an  iron  head  (b)  through  which  a  hole  (c) 
passes.     A  lump  of  clay  is  inserted  into  the  bottom  of  the  bopft- 
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ide,  and  the  shimp  of  the  claying  iron  diiven  in,  forcing  the  clay 
iolo  the  interstices  of  the  rock,  and  actually  forming  a  lining 
round  the  hole.  The  bulling  iron  is  lifl«d  out  by  passing  a,  cross- 
bar through  the  hole  c.  The  charge  and  tamping  are  then  put 
in,  the  latt«r  in  email  quantities  at  a  time,  each  quantity  being 
succeeyvely  rammed  with  the  tamping-rod,  which  consists  of  a 
bar  having  at  one  end  a  fiat  face,  while  the  other  terminatea  in 
a  cone  having  a  groove  cut  in  it  (Fig.  45),  to  allow  the  means  for 
lighting  the  shot  to  lie  against  the  side  of  the  bore-hole.  This 
may  be  either  a  needle,  or  pricker  where  straws  are  used,  c 
or  wires  if  electricity  is  the  agent.  The  farther  the  tamping  in 
from  the  charge,  the  hai'der  it  is  stemmed.  In  strong  rocks 
blows  are  given  to  the  end  of  the  rammer  hy  a  hammer. 

Hand  Machine  Drills. — The  general  type  of  thew  contsista 
of  a  screwed  epiudle  working  through  a  nut,  with  a  socket  for  the 
boritig  tool  ftt  one  end,  having  a  sqtiare  on  it 
for  the  ratchet -handle  which  communicates 
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The  tool  commonly  employed  (Fig.  46}con- 
RSte  of  a  screw-spindle  a,  working  through 
the  nut  collar  6.  The  bming-bit  is  of  the 
ordinary  auger  form,  with  a  V  point.  The 
Bcrewisrevolved  and  pressed  gradnallyagainst 
the  rock  by  turning  the  ratchet -handle  c, 
small  pieces  are  broken  off,  and  the  hole  is 
bored.  When  the  advance  has  reached  the 
length  of  the  drill,  it  is  worked  back  into 
its  sheath  again,  and  a  longer  one  insei-ted. 
With  an  ordinary  nut  arrangement,  as  many 
revolutions  have  to  be  made  with  the  Bcrew 
to  replace  it  in  its  sheath,  as  took  place 
during  boring.  To  prevent  this  waste  of 
time,  a  eplit-nut,  having  lugs  on  each  half 
tapped  with  right-  and  left-hand  threads,  is 
adopted  by  the  Hardy  Pick  Co.  These  lugs 
are  connected  hy  a  screw,  cut  with  a  right- 
hand  thread  at  one  end  and  a  left-hand 
thread  at  the  other,  and 
tott  with,  or  disengaged 
quently  the  drill  and  s 
wound  back. 

With  this  tj-pe  of  drill,  a  tree  or  prop  has  to  be  set  near  the 
Face,  to  support  one  end  of  the  machine.  To  prevent  loss  of  time, 
many  machines  are  supplied  with  a  stand,  whose  length  is  adjust- 
able, as  it  is  formed  of  two  pieces  which  can  slide  upon  each  other, 
and  be  clamped  together,  the  final  adjustment  being  made  hy  an 
ordinary  lengthening  sci-ew  at  the  l)ottom. 

In  the  Elliott  maduue  (Fig.  4  7 }  the  nut  is  replaced  by  a  worm- 
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)w  can  be  withdrawn    without  being 
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wheel  a,  in  the  teeth  of  which,  a  square- thi-eaded  feed-screw  c,  of 
i-in.  flitch,  takes  its  bearing.  Thia  wheel  is  carried  in  a  ring, 
having  a  hinged  joint  at  one  side,  and  a  screw  clamp  b  on  the 
other,  so  that  more  or  less  friction  can  be  set  up  between  the 
screw  and  the  wonn-wheal.  The  feed  is  thus  nutomatic,  and  the 
extent  is  regulated  by  the  tightness,  or  otherwise,  with  which  the 
ring  is  screweil  up.  It  the  resLitance  is  excessive,  the  wheel 
slips  round  to  a  certain  extent,  and  reduces  the  full  advance  of 
the  drill,  which  may  vary  from  i  in.  per  revolution  to  nothing. 

If  the  clamping  screw  6  is  slacked,  the  drill  can  at  once  be  with- 
drawn without  being  wound  back. 

When  boring  near  the  aides  or  roof,  the  crank-handle  cannot  bft 
completely  rotated,  but  has  to  be  worked  backwards  and  forwarda, 
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and  a  ratchet  employed,  thus  all  the  tune  devoted  to  one  half  the 
motion  is  lo^t.  To  remove  this  disadvantage,  the  crank-handle 
is  not  connected  directly  to  the  screw,  but  through  the  interven- 
tion of  bevel  gearing.  Born^t's*  machine  is  so  htted,  and  in  ad- 
dition, the  nut  in  which  the  feed  screw  woi'ks  is  seated  in  a  spring 
box,  so  that  with  an  increase  in  preiisurc,  when  working  in  hard 
stiata,  the  feed  is  equal  to  the  pitch  of  the  screw,  less  the  amount 
of  compression  of  the  springs.  When  these  arp  fully  compressed 
the  nut  slips  out  of  its  bearings,  and  revolves  with  the  screw,  the 
feeil  being  then  governed  solely  by  the  spring  pi'essure,  until  the 
resistance  decreases,  and  the  nut  again  occupies  its  seat. 

In  thick  aeams,  ordinary  stands  cannot  be  employed.  In  the 
anthracite  mines  of  America  they  are  replaced  by  a  clamping 
device,  shown  in  Fig,  48,  attached  to  the  Howell  t  drill,  one  rf 

*  N.E.I,  xuvii.  117. 
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the  beet  knovnin  that  coal-field.  To  fix  the  machine,  a  bole,  3  or 
4  in.  (ham.,  is  first  cut  into  the  face,  and  the  clauping-har  a, 
which  is  supplied  with  a  number  of  spikes,  is  firmly  wedged 
in  it.  The  illustratioB  to  a  great  extent  explains  this.  The 
auger  bit  is  rotated  bv  bevel  wheels,  geared  down  from  1  ;  3  to  6. 
A  point  woithy  of  attention,  ia  that  two  or  three  holea  can  be 
bored  from  one  position,  owing  to  the  sector  arm  b  allowing 
movement  either  to  the  right  or  left. 

The  merits  of  a  drill  depend  upon  its  weight,  the  facility  with 
which  it  mny  be  set  and  used  in  different  positions,  and  the  weiir- 
ing  capacity  of  the  machine  itBolf.  The  rate  of  boring  depends 
entirely  on  the  form  of  the  cutting  tool  and  the  quality  of  the 
steel,  because,  unless  the  latter  is  suitable  metal,  it  is  no  use 
making  it  of  a  suitable  form,  as  that  form  ia  soon  lost  by  rapid 
wear.  A  great  deal  also  depends  upon  the  men.  Unless  a  certain 
amount  of  skill  is  shown  in  setting  the  machine,  and  properly 
clamping  it  in  position,  as  much  time  is  occupied  in  drilling  holes 
in  ordinary  varieties  of  rock  a«  if  they  were  put  in  by  hand. 

The    most  suitable  shape  of  the 
points  of  the  twisted  augera  for  drill-  Fios.  49  and  50. 

ing  ordinary  rock-binds  and  coal,  is 
shown  in  Figs.  49  and  50.  This  form 
penetrates  with  greater  speed  and 
less  labour  than  any  other  pattern, 
and  is  easy  to  repair.  The  piece  cut 
out  of  the  centre,  should  be  a  little 
more  than  one-third  of  the  width  of 
the  point,  and  of  a  broad  V  shnpe,  i 
order  to  keep  the  two  outside  poitions 
tui  strong  as  possible.  These  should 
be  kept  as  thick  and  stiff  as  the  section  of  the  steel  will  admit. 
The  cutting  point  should  be  carefidty  kept  sharp,  with  a  good 
clearance  left  at  the  back.  As  a  rule,  the  greater  the  opening 
ID  the  middle,  the  more  rapid  ia  the  penetration,  especially  in 
coal,  shale,  and  soft  sandstone ;  but  the  size  of  the  V  opening  is 
governed  by  the  hardness  and  strength  of  the  rock  to  be  boi-ed. 
When  great  pressui'e  is  necessary,  the  opening  at  the  top  of  the 
V  should  be  narrow. 

The  beet  results  ai'e  obtained  in  tempering,  by  heating  one  inch 
of  the  points  to  a  blood-red,  and  then  plunging  them  into  coal- 
tar,  as  the  cutting  edge  is  made  extremely  hard,  the  point.i  gradu- 
ally becoming  softer  as  the  thickness  of  steel  increases.  Drills 
so  trested,  can  be  re-sharpened  once  or  twice  on  a  grindstone,  until 
it  becomes  necetjiwry  to  put  them  in  the  fire  again  to  enlarge  the 
points. 

To  show  the  advantage  of  using  these  drills,  the  following 
example  is  given  : — At  a  colliery  under  the  author's  charge,  a  road 
H«B  driven  for  61   yards,  crossing  the  measures  over  a   fault. 
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The  Bcction  of  the  road  was  6  ft.  wide  at  the  bottom,  5  ft. 
the  top,  5  ft.  high,  and  it  was  driven  at  a  down  gradient  of  3  j 
to  the  yai-d.  Time  occupied,  5  weeks;  rate  of  pi-ogress,  ii  ^^rda 
per  week.  The  cost  was:  labour,  ^47  log. ;  jxiwder  and  fuse, 
j£i\  i8».  $d.;  total,  /^^g  8*.  ^d.  The  total  cost  per  yard  run 
■was  i9.488«.,  equal  to  6.3861.  per  cubic  yard;  and  the  cost  of 
explosives  per  yai'd  run  was  3.9149.  The  hardness  of  tbe 
mea-sures  varied  considerably.  A  small  portion  could  be  worked 
with  the  pick,  but  other  parte  consisted  of  a  hard,  gritty  sandstone, 
nearly  too  bard  for  the  drill.  Very  little  timbering  was  required, 
80  this  did  not  interfere  much.  Ventilating  pipes  and  rafls  had 
to  he  laid.  The  road  might  be  considered  a  very  fair  sample  of 
a  croes-cut  in  the  Coal  Measures.  Similar  work  in  another  part 
of  the  pit,  without  the  aid  of  a  drill,  cost  j£2  a  lineal  yard. 

TBANSUI88ION  OF  POWER. — In  considering  the  ques- 
tion of  transmitting  power  to  the  machines  used  in  breaking 
gi'ound,  choice  is  limited  to  compressed  air  and  electricity;  the 
other  means  of  steam  and  wire  ropes  are  inapplicable.  Steam  is,  to 
a  certain  extent,  out  of  place  in  a  mine,  although,  under  certain 
exceptional  conditions,  it  is  employed,  and  gives  good  results ;  but 
its  use  in  conlined  spaces,  where  either  coal-cutttng  is  in  progress 
or  rock-drilL>  are  being  worked,  is  quite  out  of  the  question. 

Compressed  Air. — Air  may  be  considered  a  perfect  gas,  and 
obeys  the  laws  relating  to  such  a  body.     These  are : 

(i)  That  if  the  temperature  be  kept  constant,  the  volume 

varies   iaverad;/  as   the  pressure ;  if  for  example,  the 

pressure  is  doubled,  the  volume  will  be  reduced  to  one- 

h.ilf. 

(a)  If  the  volume  be  kept  constant,  pressure  varies  directly 

as  the  temperature  reckoned  from    the  absolute    zero 

(— Z73°0.  •=    -  459°  F.).      Thus  double   temperature 

gives  double  pressure. 

(3)  If  the  pres-sure  remains  constant,  the  volume  varies  directly 

as  the  temperature  reckoned  from   the  absolute  zero. 

Thus  if    the  temperature  is   doubled    the    volume    ia 

doubled. 

If  the  above  laws  are  clearly  understood,  it  will  be  at  once  seen 

that  great  losses  must  occur  in  compressing  aii'.    When  the  volume 

in  the  cylinder  is  reduced  by  the  piston,  a  considerable  rise  in 

temperatui-e  takes  plate,  which  can  only  be  produced  by  an  expeo' 

diture  of  power,  heat  being  simply  work  in  another  form.     If  the 

compressed  air  were  used  immediately  at  the  point  where  it  wra 

genemted,  no  loss  would  take  place.   This,  however,  is  never  done ; 

the  heat  produced  by  compression  is  lost  in  the  tifinsmission-pipes, 

and  all  the  power  which  produced  it  is  lost  also. 

The  increase  of  temperature  during  compression,  expands  the 
air  in  the  cylinder  and  increases  its  pressure,  so  that  the  piston  is 
met  both  by  the  natural  resistance  of  the  air  to  compression,  and 
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e  increased  resistance  Jue  to  expansion  by  heat.  Another  loss 
through  this  heating  is  that,  at  the  moment  of  discharge  the  air 
bears  the  pressure  it  should  do,  but  as  it  cooU  the  pressure  falls. 
It  has  been  noted  that,  in  an  ordinaiy  compreissor,  the  air  was  com- 
pressed to  four  atmospheres  after  the  piston  had  travelled  Jthn 
instead  of  Jths  of  its  stroke  (see  first  law  above),  the  compressed 
air  occupying  fths  instead  of  Jth  of  the  space  in  the  cj-linder. 

A  third  loss  is  due  to  the  fact  that  the  sides  of  the  cylinder 
become  heated,  and  the  air  on  entry  is  expanded,  so  that  when  the 
pistoo  commences  its  Ktroke,  a  smaller  mass  or  weight  of  air  is  in 
the  cylinder,  but  the  incrpase  of  pressure  due  to  the  temperature 
makes  the  pre^ure  normal. 

From  these  considerations  it  follows  that,  to  secure  good  results, 
thero  should  be  (t)  thorough  cooling  during  compression,  and 
(3)  the  air  on  introduction  should  have  as  low  an  initial  tempei-a- 
ture  as  possible. 

Air  CompresBOM. — Two  systems  are  in  use  by  which  the  heat 
produced  duiing  compression  is  absorbed.  In  one,  water  is  not 
admitted  into  the  cylinder,  while  it  is  in  the  other.  The  former 
ftie  called  "  dry  "  and  the  latter  "  wet "  compressors. 

In  dry  compressors,  air  is  cooled  during  compression  by  the  use 
of  a  water-jiicket  on  the  compression  cylinder,  but  at  the  best  the 
action  of  this  is  very  imperfect,  as  the  ai'ea  of  surface  exposed  to 
the  cooling  action  is  small,  compared  with  the  volume  of  air  com- 
pressed, BO  that  only  a  small  portion  of  the  conGned  air  can  come 
into  contact  with  the  inner  surface  of  the  cylinder.  In  addition, 
air  parts  with  its  beat  to  a  metal  cylinder  very  slowly,  and,  with 
a  compressor  working  at  moderate  speed,  there  is  not  time 
between  the  inlet  and  dis- 
charge to  effect  sufficient  re- 
duction in  the  temperature. 

Wet  compressors  may  be 
subdivided  into  two  classes — 
(o)  those  where  the  air  is  com- 
pressed by  a  piston  of  water, 
(A)  where  a  fine  spray  of 
water  is  injected  into  the 
cylinder  during  compression. 

The  former  type.the  design 
of  which  is  due  to  Som- 
meiller,  is  illustrated  in  Fig. 
51,  and  consists  of  a  pi.stou 
a,  moving  horizontally  in  a 
cast-iron  cylinder  kept  full 
of  water.  From  the  extremi- 
ties of  this  cylinder  spring  two  vertical  cylinders  b  b,  closed  at 
their  upper  ends  by  covers  bolted  on.  The  in-take  air  is  admitted 
through  rectangular  openings  0  0|  in  the  sides  of  the  vertical 
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oylinders,  the  suction -valve  being  of  leather,  while  discharge  takes 
plAfe  through  a  conical  brass  valve  d,  situated  iu  the  top.  The 
reciprocating  movement  of  the  piston  causes  the  water  to  rise  on 
one  side  nnd  fall  on  the  other.  A  partial  vacuum  is  formed  above 
the  falling  water,  which  causea  the  admission-valve  to  open  and 
the  unowupied  spaces  to  be  tilled  with  air;  while  on  the  return 
stroke  the  water  ia  driven  back,  and  the  air  with  it,  imtil  com- 
pression in  the  cylinder  is  equal  to  the  pi'essure  in  the  receiver, 
and  then  the  deli  very- valve  opens. 

These  compressors  have  been  largely  employed  on  the  Continent^ 
the  idea  being  that,  if  the  air  duiing  compression  was  in  contact 
with  water,  all  heat  would  be  abi^orbeil.  Such,  however,  is  not  the 
cose.  The  air  ia  only  exposed  to  water  on  one  side ;  a  thiu  film  of  this 
soon  gets  hot,  and,  water  being  a  bad  conductor  of  heat,  little 
cooling  during  compression  takes  place.  As,  however,  a  certain 
quantity  of  water  is  carried  over  into  the  delivery-pipes  at  each 
stroke,  the  air  is  cooled  before  it  gets  to  the  receiver ;  but  to  be  of 
any  economical  good,  cooling  should  take  place  during  compree- 
sion.  Indeed,  it  has  been  found  that,  to  get  good  results,  spray 
uijection  has  to  be  introduced  near  to  the  outlet-valve. 

Compressors  of  this  class  resemble  pumps,  and  must  work  at 
eIow  velocities.  As  a  large  body  of  water  has  to  be  set  in 
motion  and  stopped  at  each  stroke,  considerable  friction  is  caused, 
and  the  machine  subjected  to  severe  shocks.  It  must,  therefore, 
be  made  very  strong,  and  to  produce  the  same  quantity  of  air  as  a 
high-speed  compressor,  must  be  considerably  larger,  aud  take 
more  power  to  drive. 

The  actual  position  of  affairs  seems,  therefore,  to  be  that,  by 
the  assistance  of  a  water  piston  and  eptay  injection,  a  certain 
economy  in  compression  is  gained,  while  this  advajitage  in  neutral- 
ised by  the  extm  power  required  to  drive  the  machine.  In  addition, 
there  is  the  differeuM  between  first  cost  and  cost  of  maintenance 
in  the  two  systems.  It  is  impossible  either  to  purchase  large 
engines,  or  to  keep  them  working,  at  the  same  cost  as  smaller  ones. 

The  second  division  of  wet  compressors  is  that  in  which  water 
is  injected  directly  into  the  cylinder.  This  answers  well  in  keeping 
down  the  temperature,  provided  that  the  water  is  in  the  form  of 
fine  spray,  that  ic  meets  the  piston  during  compression,  and  that  it 
is  in  thorough  contact  with  the  air-  A  further  economy  results 
from  the  fact,  that  the  power  requii-ed  to  compress  moist  air  is 
less  than  that  required  for  dry  air.  The  injected  water  also  fills 
clearance  spaces,  and  prevents  loss  from  this  cause.  The  absence 
of  these  in  a  compressor  cylinder  is  a  point  of  high  importance. 
No  spaces  should  exist  between  the  piston  and  the  cylinder  cover 
at  the  termination  of  the  stroke,  because  such  spaces  are  filled 
with  air  at  high  pressure,  and,  on  the  retreat  of  the  piston,  this 
air  expands  and  fills  the  cylinder,  no  free  air  entering  until  the 
pressure  is  reduced  to  that  of  the  atmosphere. 
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Tt  18,  ttrwever,  belierad  that  the  cooling  resulta  obtained  by 
e  use  of  a  spray  of  water  are  deceptive,  as  they  take  place 
incipally  after  the  aii'  is  completely  compressed. 
The  objectioD  to  the  injection  system  is  the  wear  of  the  cylinder 
id  piston,  caused  by  the  fact  that  water  is  not  only  a  bad  lubri- 
mt  itself,  bat  its  presence  in  the  cyhnder  prevents  oil,  or  grease, 
ttting  to  the  working  parts,  as  it  Qoats  on  the  top  of  the  water. 
he  situation  is  bad  when  clean  fresh  water  is  used,  but  much 
orse  when,  as  is  often  the  case,  it  is  necessary  to  employ  acid 
ater  or  water  containing  grit  or  sediment.  Another  objection 
,  Uiat  the  compressed  air  produced  contains  a  considerable 
Qount  of  luoii^ture,  and  that  when  used  the  exhaust  ports  of  the 
lOtOTS  become  clogged  up  by  the  formation  of  ice.  By  a  proper 
mmgement  of  reservoirs,  or  draining  tanks,  most  of  the  moisture 
1  the  air  can  be  removed  before  it  is  used  in  the  motora. 
The  difficulty  in  getting  rid  of  the  heat  produced  by  com- 
ression  ha^  hitherto  prevented  the  use  of  even  moderately  high 
ressores,  but  the  means  adopted  at  the  Paris  inBtnUation  *  have 
E-ercome  this.  The  air  is  compressed  in  two  or  more  stages,  and 
loroughly  cooled  between  them.  This  intermediate  cooling  is 
irily  and  thoroughly  effected,  the  air  being  taken  through  tubular 
sssels  which  pi-esent  any  amount  of  cooling  surface  that  may  be 
Niuired. 

The  general  type  of  modem  air  compressors,  consists  of  a  pair  of 
igines  having  the  air  cylinder  arranged,  tanriem  fashion,  behind 
le  steam  cylinder.  With  a  single  engine  and  air  cylinder 
Tanged  in  a  straight  line,  it  is  impossible  to  construct  an 
nnomical  machine,  because  the  greatest  work  in  the  air  cylinder 
IS  to  be  done  at  the  end  of  the  stroke.  At  the  beginning  of  the 
Toke,when  the  steam  has  full  pressure,  the  air  cylinder  contains 
r  at  atmospheric  pressure,  and  offers  no  resistance,  but  at  the 
id  of  the  stroke,  when  the  pressure  in  the  steam  cylinder  would 
i  low  (if  expansion  were  used),  the  resistance  in  the  air  cylinder 
flt  its  ma^dmum.  All  sorts  of  arrangements  have  been  designed 
I  equalise  the  power  and  resistance,  but  have  given  way  to  the 
might  line  pair  type,  with  cranks  set  at  right  angles.  Expansive 
orking  can  then  be  used,  as  one  steam  cylinder  is  always  exei-t- 
g  its  maximum  power  at  the  moment  when  the  air  cylinder  of 
le  other  engine  is  finishing  its  stroke. 

This  explains  the  seeming  paradox,  how  steam,  say  at  50  lbs., 
a  compress  air  to  7olbs.,  where  both  cylinders  have  the  same 
ameter  and  stroke.  When  it  is  remembered,  that  at  the  commence- 
ent  of  the  stroke  the  pressure  in  the  air  cylinder  is  nothing, 
iOt  for  three-fourths  of  the  stroke  it  is  considerably  below 
tlbe.,  and  that  only  at  the  moment  of  dischai^e  does  it  readi 
■Hfc,  the  explanation  is  self-evident. 
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Various  Valvea  on  Air  CompreBaors  : 

Walker' 8  Valves. — The  inlet  valve  is  connected  bya  link  (a,  Fig.5)), 
and  piston  b,  with  11  conti-olling  spindle  c,  these  reciprocating 
with  the  movement  of  the  valve.  When  the  piaton  retreats, 
suction  opens  the  valve,  which  is  prevented  from  going  too  far  by 
the  spring  d,  which  becomes  compressed.  Immediately  the  piston 
starts  to  return,  the  valve  is  closed  by  the  spring,  and  prevented 
from  being  violently  dashed  on  to  its  seat  by  the  collar  /,  which 
movea  with  the  spindle,  coming  into  contact  with  the  india-rubber 
huS'er  i,  carried  on  a  fixed  abutment  I,  suspended  by  two  bar* 
m,  m',  attached  to  the  cylinder  cover  n.  Messrs.  Walker's  experi- 
ence has  shown  that  it  is  also  desirable  to  bufl'er  the  valve  o 
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in-stroke,  this  being  done  by  a,  second  india-rubber  washer  h, 
striking  against  another  Ssed  abutment  i.  It  will  be  noticed 
from  the  drawing,  that  the  tension  of  the  spring,  and  the  position 
of  the  stops,  can  be  varied,  if  desired,  by  a  nut  and  lock-nut 
arrangement,  e  and/. 

The  outlet  valve  (Pig.  53)  is  balanced  by  making  a  portion  of 
the  spindle  passing  through  the  stuffiag-box  hollow,  the  outer  end 
passing  into  a  small  cylinder  a,  into  wuicb  air  is  admitted  at  the 
same  pressure  as  in  the  receiver.  The  valve  is  prevented  from 
opening  too  rapidly  by  the  spring  b,  and  is  buffered  on  its  in- 
stroke  and  out-stroke  by  stops,  c,  c',  arranged  to  engage  the  india- 
rubber  blocks,  e,  e'  (carried  by  a  fixed  cross-bar/),  just  prior  to  tha 
termination  of  the  valve's  travel. 

The  india-rubber  blocks  are  annular  in  form,  but  somewhat  of 
a  T-shape  in  cross  section,  the  faces  of  the  annulus  being  widened 
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I  Air  Com  pressor 
s  opened    b^  the 
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oat  to  leave  a  projecting  flange  at  the  inner  and  outer  peripLeiy. 
With  this  shape,  it  has  been  found  that  the  life  of  the  blocks  is 
c»iiiiiOerably  increased. 

Sturgeoii't  Valve. — The  featui*  of  Sturgeon'i 
cooasts  of  ft  stuffing-box  inlet  valve,  which  ; 
piston-rod  at  the  commencement 
of  its  stroke,  this  doing  away  with 
the  necessity  of  forming  a  vacuum, 
in  order  to  cause  the  valve  to  open. 
A  complete  cylinder,  full  of  air  at 
atniospheiic  pressure,  is  taken  in  at 
each  stroke,  and  immediately  the 
piston  starts  to  return,  the  valve 
shuts.  In  Fig.  54,  i  is  the  inlet 
valve  attached  to  the  stulling-box 
of  the  piston-rod.  By  means  of 
the  nut«,  a,  a,  EufGcieut  grip  can 
be  obtained  to  ensui-e  the  valve 
opening  on  the  forward  and  back- 
ward strokes  of  the  piston.  The 
slope,  b,  b,  screwed  to  the  valve, 
limit  its  travel  in  one  direction, 
vhile  its  flange  poi-tion  performs 
the  same  ofGce  in  the  other.     The 

piston  is  I'ecessed  to  tit  over  the  valve  at  the  termination  of 
each  strck.-,  and  reduce  clearance  to  a  umimum  The  outlet 
valves,  o,  o,  are  usually  eiyht  in  number  and  can  be  token  out 
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separately  for  repairs,  or  removed  by  unscrewing.  A  spiral  spnng 
e  in  each  one,  serves  to  bring  it  back  sharply  on  to  its  seat.  The 
arrows  show  the  direction  of  the  air  both  from  the  inlet  and  de- 
livery-valves. 
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In^aoS-SeTf/eant  Valve.' — This  consists  of  two  aonular  «!»» 
(a,  Fig.  55),  placed  in  a  hollow  pistoa  of  a  double-acting  air-cylindtr, 
tree  air  being  admitted  through  a  hollow  tail-rod  attached  to  tbe 
piston.  The  valves  do  not  require  the  aid  of  springs  or  otbet 
connections,  but  are  opened  and  closed  at  the  proper  moment  b^ 
their  own  inertia.  The  arrows  show  the  dii-ection  of  the  intake 
and  delivery ;  the  outlet  valves  are  shown  at  6.  To  reduce  cl««r- 
ance,  email  recesses.c,  are  turned  in  the  cylinder  covers,  into  whirii 
the  inlet  valve  fits  at  the  termination  of  the  stroke.  As  there  an 
no  inlet  valves  in  the  cylinder  covers,  water- jacketfi,  d,  d,  are  pro- 
vided at  each  end,  as  well  as  around  the  sidea, 
«,  e.  The  air  passes  into  the  receiver  throogh/. 
A  perspective  view  of  the  valve  is  shown  in 
Fig.  56. 

Means  to  prevent  "  Dancing"  of  Valvet.— 
In  the  ordinary  form  of  valves  to  which  a  spring 
is  connected,  vibi'atory  motion  is  set  up,  became 
the  air  tries  to  pull  the  valve  open  and  the  spring 
to  shut  it,  and  first  one  and  then  the  other  pte- 

The  dancing  of  the  valve  in  Walker's  Air  Com- 
pressor ia  reduced  by  cauHing  a  certain  amount  of  friction  to  be 
set  up  between  the  spindle  (c,  Fig.  51)  and  one  or  more  (rfiti 
bearings.  To  accomplish  this,  where  the  spindle  passes  through 
the  cross-bar  {p,  Pig.  52),  the  bearing  U  split 
longitudinally,  so  that  the  bore  of  the  bush 
<an  be  slightly  contracted  by  means  of  a 
screwed  spindle  (a,  Fig.  57),  having  a  hand- 
wheel  b,  and  lock-nut  e,  connected  to  the  top 
half  of  the  step.  To  pi-ovide  a  greater  fri^ 
tioDal  surface,  the  spindle  is  made  of  largtf 
diameter  where  it  passes  through  the  bearing, 
and  is  surrounded  by  a  carbonite  washer, 
which  acts  as  a  lubricant  and  prevents  beat- 
ing. Only  a  small  amount  of  friction  b  applied,  so  as  not  to 
Interfere  with  the  tree  working  of  the  vah-e  to  any  appre- 
ciable e:[tent.  This  device  gets  over  the  dilficiilty  of  "  dancing' 
at  ordinej'y  speeds,  but  increases  the  power  i-cquired  to  open  too 

A  very  simple  but  effective  device  is  in  use  at  Lens  Colliery 
(France).  The  inlet  valves  are  of  the  ordinary  poppet  tj-pe, 
closing  being  effected  by  a  spring,  o,  Fig.  58  ;  when  opened,  how- 
ever, the  pull  of  this  spring  b  taken  off  in  the  following  manner: 
Each  end  of  the  cylinder  is  provided  with  two  inlet  valves,  tbo 
spindles  of  which,  6,  pass  outside  the  cylinder  cover.  Opposite  these 
valves  is  fixed  a  small  shaft  c,  which  perfoi'ms  one  revolution  to 

*  Comproiid  Air  Produdion  (Wm.  L.  Saunders,  Sevi  YoiJc,  t! 
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each  revolution  of  the  engine,  and  on  this  shaft,  opposite  each 
Talve,  is  kejed  8  cam  d.  At  the  commencement  of  the  stroke,  the 
face  of  each  cam  engages  with  the  spindle  of  the  inlet  valve,  pushes 
it  wide  open,  and  keepe  it  there.  The  small  revolving  shaft  turns 
this  cam,  and  its  shape  is  so  arranged  that  when  the  piston  starts 
to  make  its  return  stroke,  the  cam  is  past  the  spindle,  and  the 
spring  brings  the  valve  back  into  its  seat, 

Condoits. — Air  is  conve3'ed  from  the  produdng  machine  to  the 
motors  through  pipes,  and  a  loss  of  work  takes  place  from  friction, 
governed  by  the  following  laws :  ( i )  Resistiince  varies  directly  as  the 
length  of  the  pipe,  (i)  inversely  os  the  diameter  of  the  pipe,  and  (3) 
directly  as  the  square  of  the  velocity.  The  loss  from  the  first  law 
cannot  be  done  away  with,  as  it  is  impossible  to  alter  the  distance 
between  the  compressor  and  the  motor.  By  using  pipes  of  large 
diameters,  the  loss  from  the  two  latter  laws  cau  be  kept  within 
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narrow  limits,  but  the  expense  of  doing  bo  is  considerable.  The 
experiments  at  Paris*  show  that  when  the  velocity  in  the  pipes 
exceeds  50  feet  a  second,  the  loss  in  pi'essure  becomes  serious  even 
in  the  distance  of  one  mile.  The  loss,  however,  for  two  miles  is 
not  double  that  of  <.ne  mile.  The  size  of  the  mains  can  best  be 
reduced  by  adopting  high  initial  air  pressures.  Friction  in  mains 
may  be  reduced  to  a  considerable  extent  by  employing  glass-Uned 
pipee,  an  invention  Intely  introduced. 

BeeeiveTB. — From  the  compi-es^oi-s  the  air  is  discharged  into 
a  receiver,  fitted  with  a  stvfety-valre  and  pressure-gauge,  placed 
near  by,  which  not  only  seri-es  the  purpose  of  a  reservoir,  but 
correcta  the  irregular  delivery  from  the  compression  cylinders. 
Receivers  also  rid  the  air  of  moisture,  and  should  be  so  an-anged 
that  the  air  passes  in  and  out  on  the  same  side.  I>rain-cocks  are 
provided  at  the  bottom,  to  get  rid  of  the  water.  If  the  motors 
are  any  considerable  distance  away,  smaL  subsidiary  receivers 
should  be  placed  near  to  them  in  the  workings. 

Motors. — In  these,  the  greatest  loss  takes  place  through  leak- 
age past  the  piston ;  with  an  ordinary  engine  the  condensed  moistura 

•  Init.  O.K.  CT.  igi. 


56  TEXT-BOOK  OF  COAL-MINING. 

on  the  Bidee  of  the  cylinders  nets  lite  packing,  and  helps  to  keep 
the  piston  tight;  but  compressed  air  is  dry  and  hot,  and  leakage 
becomes  serious.  The  meet  economical  results  are  obtained  by 
heating  the  air  before  it  parses  into  the  motor,  which  serves  the 
double  purpose  of  not  only  beating  the  air,  but  helps  to  pack  tbe 
piston  It,  hovever,  introduces  this  disa^lvanttLge,  that  the  exhaust 
ports  are  likely  to  choke  up  with  ice,  through  the  moisture  freezing ; 
but  this  can  be  prevented,  to  a  certain  extent,  by  having  large 
ports,  and  by  allowing  the  exhaust  to  take  place  directly  into  the 
almosphere,  and  not  through  pipes. 

BLECTHICITY,— It  would  be  quite  foreign,  in  Buch  a  work  as 
this,  to  enter  into  an  elaborate  description  of  what  electricity  is,  how 
it  is  produced,  and  the  different  systems  and  methods  of  using  it; 
but  as  the  mining  engineer  of  the  future  will  require  to  know  a, 
considerable  amount  about  it,  some  brief  description  here  will  not 
be  out  of  place.  Every  one  is  familiar  with  a  magnet— its  power  of 
attracting  bodies^and  knows  that  each  end  is  called  a  pole.  This. 
magnetic  influence  is  exerted  in  certain  lines,  radiating  from  tlie 
poles,  which  were  called  "  lines  of  force  "  by  Fai-aday,  who  dis- 
covered that  if  a  closed  loop  of  wire  were  passed  through  them, 
a  current  of  electricity  was  set  up  in  the  wire.  This  is  the  prin- 
ciple of  the  dynamo,  which  consists  of  a  number  of  coila  of  wire 
i-evolving  rapidly  in  a  magnetic  field.  The  electro-motive  force 
depends  on  the  rapidity  of  revolution,  strength  of  magnet,  and  the 
angle  at  which  the  coils  of  wire  pass  through  the  magnetic  field, 
which  should  be  as  near  right  angles  as  possible.  The  current, 
however,  set  up  by  such  action  does  not  flow  in  one  direction,  bat 
consists  of  a  series  of  rcversids  in  opposite  directions. 

Alternating  and  Continuous  Currents.— At  this  point  ts 
reached  tbe  division  line  separating  the  two  systems  of  electricity. 
In  one,  the  current  is  transmitted  through  conductors,  and  used 
as  it  is  generated  in  the  machine,  that  is  to  say,  in  a  series  of  starts 
and  stops  or  complete  revei'sals,  such  being  called  the  alternating 
curi'ent ;  in  the  other,  by  introducing  into  the  dynamo  a  device 
called  the  commutator,  the  cun-ent  produced  in  the  armature  is, 
80  to  say,  straightened  out,  flows  in  one  direction,  and  there  is  then 
obtained  what  is  called  the  continuous  cun-ent. 

The  latter  is  the  system  most  generally  applied,  especially  for 
the  transmi^ion  of  power,  because  up  to  the  present,  with  probably 
one  exception,  an  effiiient  alternating  curi'ent  motor  has  not  been 
discovered.  Once  started,  they  work  very  well,  but  the  great 
ditEculty  is  to  get  them  to  move  against  a  load.  There  is  little 
doubt  tiiat  this  will  be  overcome,  and  then  a  very  fine  field  will  be 
open  for  such  S3'stem,  especially  in  mines,  as  an  alternating  motor 
is  more  compact  than  a  direct-current  one,  possesses  no  com- 
mutator, or  brushes,  sparking  only  results  by  severing  action,  and 
the  extreme  simplicity  of  the  winding  and  general  construction 
makes  it  very  unlikely  to  get  out  of  repair. 
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advantage  of  the  aH«mnting  system  is  tbe  ease  with 
which  currents  of  high  tension  can  be  couvert«d  into  currents  of 
lower  tension,  but  of  a  larger  quantity.  Tiiis  is  n  point  of  con- 
siderable importance,  betrause  in  mines  it  is  often  neeefsary,  in 
order  to  obtain  the  fullest  benefits  from  any  system  of  trans- 
mitting power,  that  small  machines  can  be  worked  at  isolated 
points  where  requii'ed.  Now,  small  motors  developing  a  few  horse- 
power are  exceedingly  difficult  and  costly  to  make  to  work  with 
currents  of  high  electro  motive  force.  As  pointed  out  further  on, 
for  any  extended  application  of  power,  the  cost  of  conductors  can 
only  be  cut  down  by  transmitting  the  current  at  high  potential  in 
the  mains.  To  transform  this  into  a  lower  pressure,  is  wasteful 
with  the  continuous  current,  and  expensive  machines  have  to  be 
employed  to  do  it.  With  the  alternating  system,  however,  the 
problem  is  a  simple  one.  It  is  well  known,  that  if  two  wires  be 
placed  side  by  side,  not  in  mechanical  contact,  and  a  current 
passed  through  one  wire,  a  cuiTent  is  developed  in  the  second  wire 
at  the  moment  of  starting  or  stopping  the  current  in  the  primary 
wire.  It  therefore  becomes  necessaiy,  if  a  permanent  flow  is  to 
be  produced  in  the  second  wire,  that  the  current  in  the  primary 
wire  must  consist  of  a  series  of  stai-ts  and  stops,  which  is  actually 
what  takes  place  in  the  alternating  current  system.  If  the  two 
coils  of  wire  are  of  the  same  length  and  diameter,  the  current  in 
To.  2  will  be  the  same  as  in  No.  i,  but  if  tbe  relative  length  and 
leter  of  the  wires  in  the  twocoilsarevai-ied,  and  the  secondary 

,]  consists,  comparatively  speaking,  of  a  few  coils  of  a  larger 
diameter  wii'e,  while  the  primary  coil  is  a  large  number  of  coils 
of  a  smaUer  diameter  wire,  the  current  generated  in  the  former 
will  be  feebler  in  its  intensity,  but  larger  in  its  quantity. 

Terma  Used. — The  only  ditBcutty  in  understanding  the  question 
of  the  electrical  transmission  of  power  consists  in  not  knowing  tbe 
meaning  of  the  various  terras  used.  The  whole  question  of  elec- 
trical distribution  has  been  popularly  illustrated  by  its  analogy  to 
hydraulics.  Supposing  a  pump  is  circulating  water  through  a  circuit 
of  pipes,  every  engineer  understands  the  meaning  of  such  terma 
as  pressure,  gallons  per  minute,  friction,  ic,  when  applied  to  such 
a  cun'ent  of  water.  If  dynamo  be  substituted  for  pump,  wire  for 
pipes,  and  electricity  for  water,  the  conception  of  the  elementary 
phenomena  of  electrical  transmission  by  a  continuous  current 
becomes  clear.  In  dealing  with  water,  the  pressure  in  lbs.  per 
Nj.  in.,  the  number  of  gallons  to  be  delivei'ed,  and  the  friction  of 
the  pipes,  has  to  be  known  ;  in  electricity  the  pressure  is  spoken 
of  as  EUetTo  Motive  Force  (usually  written  E.M.F.},  and  is  measured 
by  tvlu,  the  quantity  is  called  amperes,  and  the  friction  is  called 
resistance,  and  measured  hyohma.  To  obtain  the  measure  of  electrical 
energy,  the  pressure  (volts)  is  midtiphed  by  tbe  quantity  (amperes), 
the  product  being  \'olt-ampireM,  called  laalU.  One  watt  ••  one  volt 
s  by  one  ampere,  and  746  watts  are  equal  to  one  horse-power- 
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As  in  hydraulics,  the  longer  the  pipes  and  the  Bmaller  their 
diameter,  the  greater  will  be  the  loss  in  transnussion ;  so  n-ith 
electricity,  the  longer  the  wire,  and  the  smaller  ita  diameter,  the 
greater  will  be  the  resistance  and  the  loss.  On  the  coutraiy,  if 
the  wire  is  short  and  its  diameter  large,  no  appreciable  loss  should 
(tbeorettcally)  result.  The  resistances  of  a  long  length  of  wire 
may  be  so  great,  that  all  the  current  may  be  wasted  in  overcoming 
them,  and  none  reach  the  points  where  it  is  required  to  do  worlc 
In  such  a  case,  increase  the  size  of  the  wire  and  lessen  its  reniBt- 
ance.  Copper  is  the  metal  generally  used  for  electrical  conductors, 
and  it  ia  a  costly  one.  The  resistances  in  a  long  length  of  wire 
may  be  so  great  that,  to  overcome  them,  a  wire  of  so  Urge  a 
diameter  would  have  to  be  used,  that  its  cost  would  be  outside  the 
bounds  of  possibility.  One  other  alternative  is  open  :  increase  the 
E,M.F.  Electricians  have  from  the  first  recognised  the  press- 
ing necessity  of  a  current  whose  voltage  is  as  high  as  poesible, 
since  the  cost  of  copper  for  line  wire  varies  in  the  inverse  ratio  of 
the  square  of  the  voltage  employed.  Thus,  supposing  aooo  Ibe, 
of  copper  are  required  to  transnnt  a  given  quantity  of  power  a 
certain  distance  under  an  E.M.F.  of  50  volts,  125  lbs.  only  will 
be  necessary  if  the  E.M.F.  is  increased  to  200  volts.  For  the 
voltage  having  been  increased  four  times,  the  coat  of  line  wire  will 
be  reduced  sixteen  times.  Cuirents  can  be  produced  in  practice, 
whose  E.M.F.  is  10,000  volts,  and  if  a  current  of  such  high 
tension  be  used,  the  cost  of  conductors  could  be  reduced  to  a 
minimum.  This,  however,  is  the  point  with  which  the  mining 
engineer  is  directly  concerned.  Cutrente  of  high  tension  are 
dangerous ;  if  the  circuit  became  broken,  the  current  would  leap 
the  break,  and  produce  a  spark  which  would  ignite  gas  in  a  fiery 
mine;  while  if  the  current  were  by  any  accidental  means  passed 
through  the  human  body,  death  would  I'eault.  The  colliery 
manager  is,  therefore,  placed  in  a  dilhcult  position — he  wishes  to 
use  high-tension  currents  for  the  sake  of  economy,  and  low-tension 
ones  for  safety.  The  general  opinion  seems  to  be,  that  500 
to  700  volts  must  be  considered  the  maximnai  E.M.F.  for  use  in. 
mines. 

Means  to  Prevent  "  Sparking." — The  chief  danger  is  feared 
from  the  production  of  spai'ks,  either  at  the  bi'iishes,  or  by  the 
severance  of  the  cable.  To  remove  the  probability  of  gas  being 
ignited  by  the  former,  Messrs.  Atkinson  •  enclose  the  armature, 
brushes,  and  commutator  in  a  casing,  which  heai-a  on  a  turned 
ring  fixed  to  the  pole  pieces,  and  also  on  a  turned  plate  or  ring 
which  acta  as  a  brush-holder,  and  which  may  be  rocked  like  a 
brush-holder,  so  that  the  position  may  be  altered  to  the  point 
where  sparking  is  nil.  The  safety  arrived  at  by  this  method,, 
depends  on  the  principle  of  excluding  gas, 
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Messrs  Davis  aod  Stokes  have  recentlj  potented  an  arrange- 
ment,* where  the  bruehes  are  placed  inside  the  commutator,  and 
ako  encl<ffied  in  a  casing ;  sparks  take  place  inside  the  commutator, 
and  cannot  get  through  to  explode  the  atmosphei-e  outside. 

To  prevent  the  breaking  of  the  cable  by  falls  of  roof  or  sides, 
and  consequent  sparking,  the  general  method  is  to  allow  plenty  of 
"  »^lBck"  between  the  points  of  support,  eo  that  if  a  weight  falls, 
the  Klack  is  drawn  up,  and  the  cable  accommodates  itself.  To 
rtill  further  reduce  the  probability  of  severance,  the  cables  at 
Plymouth  Colliery  t  ai'e  protected  by  a  double  sheath  of  No.  8 
steel  wire  on  the  outside  of  the  insulation,  the  first  stranding 
beiug  of  thirty-eight  wires,  and  the  second,  thirty-.six  wires,  laid  in 
reverse  directions.  As  a  result,  the  cable  is  ca^mble  of  resisting 
heavy  falls,  its  tensile  strength  being  about  30  tons. 

Mr.   L.  B.  Atkinson  has 
recently  introduced  a  safety  Fig.  59. 

cable,t   constructed   on   the    g,     ^^ - g 

following    principles  :  —  In     •]    "T  ^  1' 

Fig.  59,  a,  a'  are  the    two       *-^^ ' 

poles  of  the  dynamo,  and  b,  b' 

those  of  themotor.or  lamps.  £' ^/ 

These  are  each  connected  by  ^  |    ^  \y 

two  wires,  a  main  conductor,  *e'  c  " 

e,  c',  and  a  subsidiary  conduc- 
tor, d,  d*,  which,  as  they  are  of  the  same  length,  carry  current  in 
proportion  to  their  area.  Cut-outs  (e  e'  and  fj'),  proportional 
to  the  carrying  capacity,  are  arranged  in  each  main,  and  in  each 
subsidiary  conductor.  If  the  main  conductor  c  gets  broken, 
and  the  subsidiary  conductor  d  does  not,  no  spark  is  pro- 
duced, as  the  circuit  is  still  closed,  but  the  whole  cuirent  now 
passes  through  the  secondary  wire,  and  at  once  melts  its  cut-out, 
A  weight  suspended  by  the  fuse  then  drops  on  to  a  switch,  and 
the  whole  circuit  is  instantlydisconnected.  In  its  practical  form, 
the  cable  consists  of  a  close  wound  spiral  of  tinned  copper  wire, 
braided  over,  but  not  heavily  insulated.  Over  this  is  laid  a 
properly  insulated  stranded  conductor  of  the  required  area.  If 
the  cable  be  torn  down,  or  broken  in  any  way  by  tension,  this 
inner  conductor  extends  to  an  indefinite  extent,  for  as  it  gets 
dnwn  out,  the  diameter  of  the  spiral  deci-eases,  and  it  becomes 
quite  loose  in  its  tube. 

Effloienoy.— The  absolute  efficiency  of  the  ordinary  means  of  pro- 
ducing the  electric  current  by  a  steam-driven  dynamo  is  small,  as  the 
electncal  energy  developed  is  only  6.4  %  of  the  energy  existing  In  the 
coal  burnt  under  the  boiler,  and  little  advance  is  to  be  hoped  for,  so 
long  as  steam  furnishes  tbe  motive  power,  aa  modern  dynamos  and 
I .  motors  have  already  high  efficiencies  in  themselves.  Looking  at  the 
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ease  with  which  electricity  is  converted  into  heat,  it  seems  probable 
that  the  solutioQ  of  the  cheap  generation  of  electricity  will  come 
about  from  the  reverse  operation.  The  direct  conversion  of  heat 
into  electricity  has  been  possible  eince  1823,  but  the  low  efficiency 
of  the  process  {only  0.35  %  of  the  heat  in  the  gas  burnt)  prevents 
its  commercial  application.  Experiments  are,  however,  being 
carried  on,  and  the  last  tesuits  announce  an  efficiency  of  nearly 
S  %  ,  with  hopes  of  a  still  greater  increase.  It  is  not  too  much  to 
say  that  tbe  discoveiy  of  a  successful  process  with  high  efficiency, 
wUI  revolutionise  the  generation  and  transmission  of  power. 

A  new  departure,  giving  great  promise,  was  tried  in  1891  at  the 
Frankfort  Exhibition.  A  dynamo  joo  miles  away  produced 
three  alternating  currents  of  dilferent  phases  at  a  tension  of  50 
volts,  which  were  transformed  into  three  currents  of  17,000  volts, 
and  conveyed  along  three  wires  J  in.  diam.  to  Pi-ankfort,  where  they 
were  re-transformed  into  60  volts,  and  used  for  the  production  of 
power  and  lighting  in  tbe  Exhibition.  The  motors  were  of  stronger 
construction  than  usual,  thick  bars  and  plates  being  need  (suited  to 
the  work  of  a  miner),  instead  of  the  fine  wire  and  delicate  insula^ 
tion  which  so  often  gives  trouble. 

FOWEB  MACHINE  DBILLS. — These  machines  impart  to 
the  tool  a  reciprocating  motion.  Theyconsist  of  a  cyhnder  and  piston, 
to  the  rod  of  which  is  attached  a  drill.  The  requii-ements  of  a  good 
machine  are,  that  it  should  be  of  simple  and  strong  construction, 
occupy  little  space,  be  easily  handled,  and,  above  all,  the  wearing 
parts  should  not  only  be  easy  of  access,  but  easily  replaced  when 
broken.  As  all  the  work  of  the  drill  is  done  during  the  forward 
stroke,  while  in  the  return  only  the  weight  of  the  tool  and  friction 
of  the  machine  have  to  he  ovei'come,  the  piston  is  reduced  in  area 
on  one  side.  In  order  to  bore  a  round  hole,  the  tool  is  portly 
rotated  after  each  stroke,  and  as  the  hole  deepens,  means  are  pro- 
vided for  mo\-ing  the  machine  forwai^d,  so  that  each  blow  is 
delivered  with  full  force.  Numerous  attempts  have  been  made 
to  perform  the  feed  automatically,  but  although  success  has 
attended  these  efforts,  the  machines  become  much  more  compli- 
cated. With  an  automatic  feed,  the  advance  is  regular,  while 
often,  owing  to  the  varying  nature  of  the  ground,it  is  required  to 
be  anything  but  regular — sometimes  faster,  sometimes  slower. 
Then,  again,  men  have  to  be  kept  to  look  after  drills  while  they 
are  working,  and  may  just  as  well  employ  themselves  in  feeding 
forward  the  tool  to  tlie  best  advantage,  aa  to  stand  by  and  do 
nothing.  In  the  old  type  of  machine  drills,  the  piston  was  made 
to  admit  and  cut  olf  the  admission  of  air  into  the  cylinder,  by 
etriking  tappets  attached  to  a  valve,  and  although  tfa&se  parta 
were  made  es  light  as  possible,  yet  for  every  stroke  of  the  drill 
two  blows  were  struck,  with  the  result  that  the  parts  were  rapidly 
worn  away,  numerous  breakages  occurred,  and  the  expense  of 
maintenance  became  very  great.     In  modern  power  drills,  the  use 
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of  Uppete  baa  been  abaa<ioDet{,  ftcd  what  are  known  u  rt«ui  (df)  J 
moved  valvee  ue  adopted;  thor  oonstniction  U  Uienfora  moivl 
umple,  as  the  roacbioe  onlr  oonsists  of  two  moving  puts.     In  aoi&k  1 
types,  a  further  sunpMcation  has  been  ouried  out ;  by  means  ot 
suitable  ports  and  openings  in  the  cylinder,  the  piston  is  made  to 
admit  and  cut  off  steam  by  its  own  movement.    Thej-  then  consist 
of  only  one  moving  part,  and  that  the  piston  itself. 

It  would  be  quite  impo^ible  to  give  a  description  here  of  ei-wn 
the  majority  of  good  machines  that  eiist,  so  well  known  repre- 
sentatives of  the  two  main  types  have  been  selected  for  itlustroiting 
the  way  in  which  they  work. 

The  Ii^ersoU  Bockdrill. — The  cylinder  A  (Fig.  60^  bna 
admission  ports,  P,  P',  and  exhaust  poit  E,  and  also  two  o[«ii 
passages,  F,  E",  connected  direct  with  the  exhaust  port  through  th» 
I,  D,D',  so  that  if  there  were  nothingintheeylinder  to 


tse  D,  D',  each  end  of  the  valve  would  be  open  to  the  exhaust.  Tho 
ton  B  has,  however,  a  movement  fi'om  X  to  Y,  and  is  provided 
th  an  annular  space  or  chamber  SS',  whose  length  is  such  that  it 
vma  never  be  open  to  both  the  passages  at  D,  D'  at  the  same  time. 
The  valve  0  is  spool-shaped  and  travels  on  the  guide-pin  T.  In 
the  bottom  of  the  steam  chest  are  two  passiiges  cro$aiiig  each 
other,  which  connect  R  with  D*,  and  R'  witii  D.  In  the  illustra- 
tion the  drill  is  ready  to  deliver  a  blow.  Air  is  admitted  at  0, 
and  fills  the  spaces  N,  N'  and  R'.  As  R'  is  connected  with  D, 
which  is  closed  by  the  piston,  no  outlet  is  possible.  R  is  connected 
to  D*,  and  is  open  to  the  atmosphere  through  the  annular  space  S 
Uid  passage  P'.  No  motion  of  the  valve  therefora  takes  place 
until  the  piston  moves.  Air  passes  from  N  through  P'  to  the 
back  of  the  piston  at  M,  and  drives  it  forward ;  the  exIiauHt 
passage  SS'  appivmcbes  D,  and  when  the  distance  DD'  is  traversed, 
U  open  to  it.  At  the  same  instant,  D'  is  shut  off  by  the  bock  end 
of  the  piston,  I)  is  suddenly  opened  to  the  atmosphere,  and  the 
chamber  B'  being  connected  with  it,  is  exhausted.  The  air  around 
the  valve  rushes  towards  this  opening,  carrying  the  valve  with  it. 
Thus  the  vulve  is  reversed,  the  machine  exhausts,  and  the  motion 
of  the  piston  also  reversed. 
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™^*s  25%,  while  the  hydraulic  ones  only  had  a  duty  of  8.5%. 
The  Bpeed  of  dnWng  by  hand  was  .0774  feet  per  m&a  per 
shift;  by  compressed  air  diiUs,  .423  feet  per  man  per  shift; 
while  Brandt's  drill  advanced  .472  feet  per  man  per  shift. 

This  machine  can  only  be  used  in  situations  where  water  is 
easily  got  rid  of.  As  a  rule,  mining  engineers  have  quite  enough 
difficulty  in  dealing  with  water  already  existing  in  mines  without 
introducing  any  more. 

Supports.— The  supports  upon  which  a  drill  was  carried  were 
originally  either  a  rigid  fi-amework  of  clumsy  construction,  intro- 
duced with  difficulty  into  narrow  and  uneven  rock  escavations,  or 
a  heavy  oaniago  moving  on  rails,  the  latter,  although  carr^in 


several  machines,  requiring  that  the  road  should  be  clear  of  debris 
before  the  drills  could  be  set  to  work.  The  modei'n  form  consists  of  a 
vertical  column  (a.  Fig.  62)  resting  on  a  base,  in  which  lengthen- 
ing screws  are  provided.  By  this  means  the  necessary  breath  of 
base  is  obtained  to  give  stability  to  the  column,  and  to  permit  the 
mounting  on  it  of  a  swinging  arm  b,  upon  which  the  drill  is 
attached.  This  arrangement  allows  the  drill  to  be  used  upon  all 
sides  of  the  column,  for  drilling  holes  inclined  in  any  direction. 
Bars  are  passed  through  the  holes,  c,  e,  in  the  top  of  the  length- 
ening screws,  and  prevent  them  from  becoming  loosened  by 
vibration.  With  a  stretcher  bar,  drilling  can  be  recommenced 
immediately  after  blasting,  as  the  drill  and  column  can  be 
separately  carried  over  the  debris.  With  such  a  support,  the 
machine  is  adjustable  in  all  directions.  It  may  be  shifted  side- 
wafs  on  the  arm,  raLied  and  lowei-ed  on  the  column,  and,  by  first 
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tightening  the  clamp  d,  the  &nn  and  macbitie  may  be  bodiljr 
sming  round  the  colunm. 

In^ead  of  attaching  the  drill  to  the  clamp  through  a  centre- 
bolt,  the  Bftod  Drill  Co-  hare  designed  an  amingemeat  (Fig.  63) 
in  which  the  foot  of  the  shell  csnying  the  drill  is  made  of  a  cone 
shape,  and  grasped  by  a  hooked  bolt  b,  which  is  distinct  from  the 
bolts  binding  the  clamp  to  the  arm.  If  a  similar  clamp  is 
attached  to  a  tripod,  the  drill  can  be  changed  from  one  support  to 
the  other  with  little  labour,  and  withont  disconnecting  the  feed- 
screw and  removing  the  machine  from  its  guides,  which  has  to  be 
done  with  the  old  arrangement. 

Where  the  length  of  the  stretcher-bar  exceeds  8  ft.,  an  amount 
of  objectionable  vibmtion  h  set  up,  and,  in  high  places,  drills 
hare  to  be  mounted  upon  tripods.  These  consist  of  a  light,  strong 
frame,  generally  made  of  steel,  consisting  of  three  cylindrical  tele- 
scopic legs,  which  can  be  lengthened  or  shortened  to  accommodate 
uneven  ground.  These  legs  are  fastened  into  sockets  in  the  top, 
and  are  kept  in  position  by  having  weights  hung  upon  them  when 
the  tripod  is  in  place.  The  socket-joints  are  so  deigned,  that  the 
legs  can  be  moved  backwards  or  forwards,  or  one  or  more  may  bo 
thi'owD  up  into  the  air  out  of  the  way,  and  indeed  adjusted  into 
any  position  whatever,  so  that  the  tripod  may  be  adapted  to  the 
moec  uneven  surface. 

Electric  PerousBlvo  Drills. — Kumeroua  attempts  have  been 
made  to  construct  a  percussive  electrical  drill,  but  until  recently 
with  little  success.  The  difficulty  has  been  largely  overcome  by 
employing  the  principle  of  the  solenoid.  A  solenoid  consists  of 
insulatod  copper  wire  coiled  in  the  form  of  a  spiral,  but  is  only 
complete  when  a  portion  of  the  wire  passes  in  the  direction  of  the 
axis  in  the  interior  of  the  spiral.  If  a  current  be  passed  through 
a  solenoid,  it  has  the  same  power  of  attraction  as  a  magnet. 

In  the  Marvin  drill,*  two  solenoids  are  placed  against  each 
othei',  end  to  end,  and  a  plunger  plays  freely  from  the  centre  of 
these  solenoida.  The  whole  is  placed  in  a  boiler  tube  casing, 
having  a  Bpiral  spring  in  the  back  part.  The  plunger  is  composed 
of  a  central  portion  made  of  wrought  iron,  and  a  forward  and 
backward  portion  mode  of  aluminium  bronze,  all  rigidly  connected 
tc^thei*.  The  generator  furnishing  the  current  is  of  the  simplest 
.jEind,  so  that  the  polarity  of  the  wires  is  reversed  at  each  half 
ilation  of  the  armature,  with  the  result,  that  through  the 
"bction  of  this  current  on  the  solenoids,  a  reciprocating  action  of 
the  plunger  is  obtained,  as  first  one  and  then  the  other  solenoid 
attracts  it,  and  pulls  it  in  opposite  directions.  About  600  blowa 
per  minute  is  found  to  be  the  best  speed.  The  object  of  the  spiral 
spring  is  to  store  up  the  energy  of  the  back  stroke,  and  return  it 
in  the  forward  stroke,  helping  the  magnetic  impulse,  and  greatly 
^•nisting  the  strength  of  the  blow. 

I  *  Eitg.  and  liia.  Jour.,  May  33,  1S91,  IL  600 
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In  a  trial  made  in  the  hai-d  granite  of  Quincy  Quarries,*  a  hole 
li  in.  diam.  was  drilled  at  an  average  rate  of  2J  in.  per  minute, 
with  an  expenditiii-e  of  less  than  4  H.F.  delivered  to  the  gene- 
rator. The  chief  features,  however,  were  the  extreme  ease  witi 
which  the  power  could  be  transmitted  from  the  generating  station, 
and  the  gi-eat  simplicity  of  the  drill  itself.  For  the  purpose  of 
exhibiting  the  ease  with  which  the  drill  could  be  taken  to  pieces, 
and  defective  parts  replaced  by  othei-s,  it  was  several  times  opened 
and  entirely  taken  apart,  the  time  required  for  this  being  less  tban 
three-quai-tera  of  an  hour. 

The  Engineering  and  Mining  Journal  t  st^ites  that  the  results 
obtained  from  the  machines  in  practice  are  unsatisfactory,  as  not 
only  are  they  of  faulty  construction,  a.  defect  probably  Easily  cor- 
rected, but  they  present  a  more  serious  trouble — vii:.,  the  heating 
of  the  solenoids  and  piston.  The  heating  of  the  solenoids  seems  to 
be  due  to  the  rapid  reversing  of  the  electric  current  through  their 
coils.  This  not  only  means  lots  of  efficiency,  but  the  heating 
is  often  so  intense  as  to  make  the  drill  objnctionable  in  a  small 
heading.  An  important  installation  of  these  machines  was  made 
at  Lake  City,  Coloi-ado,  in  1891,  but  after  experiments  through 
September  and  October  they  were  withdrawn  owing  to  the  ob- 
jectionable heating.  The  inventors  are  now  endeavouring  to  over- 
come the  defects  thus  shown,  with  every  probability  of  ultimate 

8UCCe.>iS. 

Forma  of  Bit. — Oke  ordinary  hand  tools,  the  first  form  of  bit 
for  machine  di'ills  was  that  of  a  chisel.  In  order,  however,  to  ob- 
tain more  striking  surface,  two  chisel  edges  crossing  each  other  at 
right  angles  were  tried.  This  did  the  work  better,  but  as  the  hole 
got  deep,  ready  escape  of  the  debris  was  prevented,  as  the  tool 
nearly  filled  the  hole.  To  remove  this  difficulty,  the  two  chisels 
were  made  to  cross  each  other  on  a  slope,  forming  a  tool  like  the 
letter  X,  which  is  the  shape  now  generally  adopted.  Bits  like  the 
letter  Z  have  been  tried  with  most  satisfactory  results,  so  far  aa 
theefficiencyof  the  boring  is  concerned,  but  the  difficulty  of  sharp- 
ening them  prevents  their  general  application.  For  making  and 
dressing  the  drill  bite,  a  set  of  tools  caUed  "swages  "  are  employed. 
These  are  Oke  moulds,  sliaped  to  the  form  of  tlie  bits  required. 

Use  of  Water  in  Boring  Hole  a. — Experience  has  proved  that 
by  using  water  in  the  holes  the  speed  of  drilling  is  considerably 
increased,  and  such  is  always  done  in  drilling  down-hill  holes. 
With  up-hill  holes,  water  cannot  be  employed  with  ordinary 
means,  Messrs,  Dubois  and  Francois  exhibited  at  the  Paris  Exhi- 
bition a  device  which  has  overcome  the  difficulty.  Water  is  in- 
jected right  on  to  the  cutting  edge  of  the  drill,  instead  of  simply 
into  the  mouth  of  the  hole.     A  small  copper  pipe  is  fixed  in  a 
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groove  extending  throughout  the  length  of  the  drilling'  bit,  and  is 
connected  by  a  small  flexible  tube  to  a  tank  fitted  to  the  back  of 
the  piston-rod,  but  prevented  by  suitable  meatia  from  rotating 
with  it.  With  each  stroke  of  the  pietou,  water  ia  thrown  right  oa 
to  the  place  where  the  cutting  edge  strikes,  the  bottom  of  the  hole 
is  always  kept  clear,  and  the  full  effect  of  the  blow  from  the  drill 
is  obtained ;  the  deeper  the  hole,  the  greater  the  effect. 

Coat  of  Machine  and  Hand  Drilling. — For  two  years  at 
R-'imsbeck  lead  mines,"  careful  comparisons  luive  been  mada 
between  the  cost  of  driving  levels  by  hand  and  by  machines.  The 
strata  consist  of  hard  schists  and  grey^'auke.  With  hand  boring, 
the  average  speed  of  driving  double  tramway  roads  was  found  to 
be  9  ft.  lo  in.  per  month,  while  with  machines  it  was  35  ft.  The 
saving,  taking  economy  and  speed  into  account,  was  304  per  cent. 
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•    Interest  on  capital  and  amortizement  wat  taken  at  13  per  cent. 
Repairs  to  drills  amounted  to  10.49  P^''  i^^^it.  of  the  total  working 

Experiments  have  been  conducted  at  the  Bam  melsberg  Mine 
in  the  Hartz,+  where  six  types  of  machine  drills  have  been  tried  for 
several  yeara.  It  appears  there  was  a  .saving  equal  to  xa.  3.89^. 
pet  ton  of  ore  won  in  favour  of  machine  as  compared  with 
band  drilling,  including  all  costs,  during  the  year  1880-81.  Tha 
caving  in  favour  of  machine  drilling  for  the  years  1877,  '78 
and '79,  was  10.391/.,  IS.  .07^,  and  is,  ^.2il,  per  ton  respectively, 
which  shows  a  progressive  increase,  prubably  due  to  improvements 
in  the  machines  and  training  of  the  men. 

The  following  figures  relating  to  the  Vosborg  Tunnel,  tJ,S.A.,t 
show  the  difference  in  the  speed  of  machine  drilling  compared 
with  hand ; 
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COAI.    CUTTLNa   BT    UACHINEBT— Under  suitable 
coal  can  be  holed  much  cheaper  by  machinery  than  by 
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hand,  except,  probttbly,  wben  wages  are  low.  The  great  advantage, 
however.is  that  less  smalt  coal  is  proHuctd,  as  with  the  pick  n  miin, 
to  under-cut  a  certain  diHtance,  haa  to  remove  enough  height  at  the 
Face  to  get  hia  arms  in.  To  a  certain  extent,  machines  cannot  well 
be  used  in  old  mines,  the  work  requiring  to  be  specially  laid  out 
for  them.  With  a  good  roof  requiring  Uttlo  timber,  they  are  used 
with  a  considerable  amount  of  success,  but  in  a  tender  coal,  the 
roof  is  crushed  down  upon  them,  or  supports  have  to  be  set  near 
the  face.  These  get  in  the  way  of  a  machine,  which  cannot  move 
round  them  like  a  collier.  The  different  types  employed  may  be 
divided  into  (a)  tbe  circular-saw  class,  (b)  the  baud-saw  class, 
(c)  the  percussive,  and  {d)  the  bar  type. 

MaclimeB  worked  by  CompreBSQii  Air. — Gillott  and 
CopU'/a  is  a  repiesentiitive  of  the  circular-saw  type.  The  cutter 
wheel  is  a  mnllenble-ii'on  disc,  4  ft.  dinm.,  furnished  od  its  outer 
periphery  with  a  series  of  chisels,  these  being  of  two  kinds,  sing! 
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having  c 
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.,  by  10  ill.  stroke,  geared  down  alwut 
5  to  I.  The  inacbine  ia  drawn  forward  by  a  wu«  rope,  which  is 
attached  to  the  hook  (a,  Fig.  64),  then  passed  round  a  pulley  at  the 
end  of  the  fare,  and  finally  brought  to,  and  coiled  on,  the  drum  b, 
by  the  action  of  a  ratchet-wheel  and  pawl,  which  can  be  so  regu- 
lated that  either  one  or  more  teeth  are  taken  at  a  time,  thereby 
allowing  the  machine  to  be  fed  slower,  if  the  under-cutting  ia 
hard.  This  machine  cuts  from  back  to  front,  and  brings  its  debris 
out,  if  the  cut  is  above  the  floor. 

Riggand  Meikl^okn'i  machine  also  cuts  like  a  circular  saw,  but 
with  this  advantage  ;  it  holes  into  the  face  on  the  underside  of  the 
sleepers ;  or,  in  other  words,  flush  with  the  bottom  of  the  coal.  It 
can  be  employed  in  the  thinnest  seams,  as  its  height  is  only  16  in. 
It  is  provided  with  four  adjustable  screws,  one  on  each  comer,  bv 
means  of  which  the  cutters  can  be  made  to  work  at  any  angle,  and 
the  asle-boxea  are  also  adjustable  to  ailowthe  machine  to  progress 
at  any  angle,  irrespective  of  the  level  of  the  rails.  It  revolves, 
however,  from  front  to  back,  and  carries  the  debris  into  tbe  cut. 


BREAKING   GROUND. 


69 


requiring  the  services  of  an  assistant  to  clean  it  out      The  cut  cao 
be  made  alternately  in  opposite  directions. 

Baird'a  machine  represents  the  hand -saw  type.  The  cuttorsare 
of  various  shapes,  and  are  mounted  on  an  endless  chain,  can-ied 
by  a  jib  which  projects  beneath  the  coal,  from  3  ft.  up  to  5  ft.  aa 
required.  Motion  is  given  by  an  8  in.  cylinder  by  12  in.  stroke 
engine,  through  geaiing,  to  a  cylindrical  shaft  in  the  centre 
of  the  machine.  On  the  bottom  of  this  shaft  is  a  com,  or  sprocket 
wheel,  which  drives  the  chain  carrying  the  cutter  teeth.  As  this 
chain  has  to  be  carried  over  the  top  of  the  rails,  the  machine  can- 
not andercut  in  the  bottom  of  the  seam  unless  the  floor  is  taken 
up.  The  difficulty  is  got  over  to  a  certain  extent  by  canting  the 
machine  when  at  work. 

Harrison's  machine,  which  is  largely  employed  in  the  United 
States,  <:onaists  of  a  percussion  drill  which  chips  away  the  coal.  A 
broad  pick  bit  is  secured  to  the  end  of  the  piston-rod  of  a  email  cylin- 
der mounted  on  wheels.  The  cutting  tool  is  chisel-shaped,  with  a 
triangular  slit  in  its  face. 

To  perform  the  under-  J"""   6s- 

cut,  two  boards,  6  ft.  by      ■»»9-~  ^  \ 
3  ft.,  are  laid  on  the  floor    MoCe^'    \  Hi  be  2 
close    to    the  face   and 
slightly  inclined  towards 
it.     The  machine,  moun- 
tei)  on  14  inch  wheels,  is 

turned  on,  and  the  face 

attacked    at    the  angle 

shown  in   Fig.    65.     The  machine  is   balanced   on  the  wheels, 

and  the  operator,  lying  behind  it,  sprags  the  wheels  with  his  feet, 

keeps  the  machine  up  to  its  work,  and  by  means  of  the  handles 

swings  it  about  and  regulates  the  direction  of  the  blow. 

Hachines  of  a  similar  type  hare  often  been  designed,  but  the 
violent  shock  against  the  rear  head  of  the  cylinder,  when  the 
piston  made  its  backward  movement,  not  only  made  it  impossible 
to  keep  them  to  their  work,  but  broke  them  to  pieces,  India- 
nibber  cushions  are  not  sufficient  remedy  for  this  evil.  Here  the 
difficulty  is  surmounted  by  interposing  between  the  piston  and 
cylinder  head,  an  air-cushion  of  adjustable  pressure,  and  in  addition 
the  valves  are  so  arranged  that  the  rebound  of  the  pick  actually 
aids  in  moving  them.  Prof.  Wheeler  •  states  that  it  takes  about 
6  minutes  to  shift  the  boards,  i  J  min.  to  change  the  bit,  and  16 
min.  to  cut  4  ft.  wide  by  4  ft.  deep.  To  disconnect,  load  up  the 
outfit  on  a  truck  and  remove  to  the  next  place,  unload  and  start 
to  work  again,  takes  about  20  min.  The  cutting  capacity  is  found 
to  be  between  60  and  70  linoal  ft.  per  lo-hours  shift,  with  an  air 
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].'ressure  of  80  lbs.,  tbe  average  for  six  macLines  for  a  month  being 
63.S  ft.  A  Harrison  machine  weighs  ouly  70D  lbs.  and  coete  about 
^120.  The  cost  per  day  for  power,  repairs,  interest,  and  depre- 
ciation, is  put  at  yl.  per  ton. 

The  Itigrrioll-Sergeant  machine  is  sdmilar  in  ^neral  appearance 
lo  the  Harrison,  but  ia  furnisbed  with  an  air-moved  ralve  like 
their  drills.  It  is  claimed  to  be  simpler  in  construction,  to  be 
more  under  t:outrol,  to  <lebver  a.  harder  blow,  and  to  be  i 
economical  in  air  tlian  the  Harrison. 

The  Zfgg  coal-cutter  is  a  representative  of  the  bar  type,and  differe 
from  all  olliers  not  only  in  the  way  power  is  ti'ansmitted  to  the  cutter 

^t  FiQ.  66. 

r 

^M  bar,  bat  in  the  direction  in  which  the  cut  is  made.     The  machine 

^M  conEiBts  of  a  bed  frame,  occupying  a  space  about  1  feet  wide  by 

^M  7  ft.  6  in.  long,  composed  of  two  steel  channel  bai-s,  the  top  pktes 

^M  on  each  forming  racks,  with  the  teeth  downwards,  into  which  the 

^m  feed  wheels  of  the  sliding  frame  engage.     On  the  rear  end  of  the 

^M  l&tter  is  mounted  a  pa,ir  of  5  in.  by  5J  in.  engines,  from  which 

^r  power  is  transmitted  through  straight  gear  and  worm  wheels  to 

the  rack,  which  feeds  the  sliding  frame  forward.     The  cutter-bitr 

is  mounted  on  the  front  end  of  this  eliding  frame,  and  contains 

the  bits,  a,  a  (Fig.  66),  made  of  tool  steel,  held  in  place  by  set  screws, 

and  so  set  in  a  npiral  along  the  hoi-izontal  bar  as  to  make  a  con- 

Ltinuous  semi-cylmdrical  cut  in  one  revolution.  The  cutter-bar  is 
revolved  by  a  1  endless  curved  link  steel  chain  b,  and  as  it  is 
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'^  nrolred,  is  adcsnoed  ioto  tbe  coaI,  th«  bed  plate  being  clamped 
firmly  by  two  braces  fitted  with  lengthening  screws,  one  of  which 
ia  shown  at  c.  Small  lint  belts,  d,  behind  the  cutt«r-bar,  push 
back  the  chippings  produced  during  holing,  by  the  aid  of  tbe  ehort 
projections,  e,  e,  and  keep  the  under-cut  free. 

The  es^ntial  difference  between  this  and  other  machines,  is  tlw 
direction  in  which  the  cut  is  made.  Here  it  is  paralld  to  the  tmn, 
while  in  all  others  it  is  at  right  angles.  This  machine  realty  does 
its  work  in  the  same  direction  as  a  miner.  ^Mieit  the  cut  hns 
reached  the  required  depth,  usually  about  5  ft.,  the  bar  is  throvt'a 
out  of  gear  and  withdrawn,  the  machine  moved  sjdewaj's  along  tliB 
face  over  the  length  of  the  cutter-bar,  and  another  cut  made. 
This  gets  over  two  disadvantages  :  (a)  the  inability  of  most  cdhX- 
cutters  to  work  in  stalls  which  are  set  with  timber  at  short 
intervals,  since  so  long  as  the  props  are  wide  enough  for  this 
machine  to  be  got  between  (about  3  ft.  6  ia.),  it  can  easily  be  placed 
in  position,  even  if  they  are  close  to  the  face ;  (6)  the  irre^litr 
holing  generally  produced  when  the  floor  of  the  seam  is  undulating, 
BotaiT'  wheel  machines  must  cut  a  straight  groove  ;  this  machine 
can  follow  any  variation  in  the  floor  which  takes  plnce  within  the 
length  cf  the  cutter-bar. 

The  rapidity  of  tha  cutting  is  claimed  as  a  further  ndvanlage 
of  the  machine.  It  is,  however,  expensive  in  flrst  cost,  and  in 
repfurs.  The  present  cutter-bar  is,  however,  an  impi-ovement 
on  thoee  formerly  used.  Instead  of  being  weakened  at  the  sprocket 
by  being  squared  to  admit  the  straight  link  driving  chiiin 
formerly  used,  it  is  now  increased  in  diameter  at  this  jwiut,  mnile 
tound,  and  a  curved  Jink-chain  used,  thus  not  only  strengthening 
the  bar,  but  greatly  increnaing  the  leverage  of  the  chain,  which 
lessens  the  power  required,  and  i-educes  the  friction  and  wear  ou 
the  chain.  The  feed  can  readily  be  thi-own  off  and  on  by  meuns 
of  a  lever. 

Mttohines  Driven  by  Electrioity. — Although  machines 
under-cut  coal  cheaper  thiin  muuuol  laboui',  under  suitable  con- 
ditions, the  difliculty  of  ihiving  them  by  compressed  air  or  wii-e 
ropes,  nullifies  the  advantages  to  a  certain  extent,  even  where 
favourable  conditions  exist.  The  co.'^t  of  installing  compi'essed  iiir 
is  not  only  considerable,  but  its  transmission  to  the  face  presents 
Mriouo  difficulties  in  coal  mines ;  not  only  are  the  pipes  expensive, 
bat  the  coat  of  labour  in  laying  them  is  large.  If  the  pipes  are 
carried  along  the  side  of  the  road  on  supports,  any  fall  of  roof  nr 
Bides  will  break  them  ;  while  if  they  are  buried  beneath  the  Hnor, 
leaks  cannot  be  detect«d.  These  latter  considerations  nre  not  k) 
important  in  tbe  main  roads  as  they  are  in  those  approaching  the 
face  which  are  constantly  being  altered  in  dimension,  and  in 
which  repairs  are  frequent. 

Electricity  appeara  to  be  particularly  applicable  to  the  operation 
of  cool-cutting.     In  the  facility  with  which  power  can  be  conied 
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about,  tliis  medium  etanda  unrivalled,  and  tbe  co^t  of  up-keep  ia 
les  than  with  other  systems.  Tbe  only  objection  seems  to  be  tLa 
danger  that  ma;  reeolt  from  sparking  at  tbe  motors  in  dtuatiotis 
where  explosive  atmospheres  exist.  In  the  author's  opinion  this 
danger  appears  to  have  been  exaggerated.  In  the  first  place,  tbe 
great  majority  of  mines  do  not  contain  explosive  atmospheree,  and 
in  the  event  of  a  sudden  outburst  of  gas,  the  motor  might  be 
immediately  stopped.  Sparking  at  known  points,  or  by  short 
t'ircuiting,  appears  to  be  preventible,  as  it  depends  on  the  design 
uf  the  machine,  on  the  intelligence  of  the  workmen  operating  it, 
and  last,  but  not  least,  on  the  common-sense  of  the  purchaser. 
Id  the  desire  to  secure  economy  in  outlay,  less  money  is  often 
spent  on  safeguards  than  should  be  the  case. 

Tbe  Gooitlen  *  cutt«r  consists  of  a  long  bar,  taper  or  parallel, 
having  a  series  of  steel  toob  arranged  on  it.  This  bar  is  rotated 
at  tbe  late  of  about  500  revolutions  per  minute,  the  electric  motor 
ninning  at  about  700  revolutions.  The  cotter-bar  is  drilled  with  a 
series  of  holes,  each  of  which  is  placed  in  a  direction  nearly,  but 
not  quite,  at  go"  to  the  next  adjacent  one,  with  the  result  that 
the  cutters  form  a  left-handed  spiral,  which  serves  to  equalise  the 
cutting  action,  and  also  a  right-handed  spiml,  which  acts  as  a  sort 
of  corkscrew,  and  draws  the  debris  out  of  the  cut.  After  trying 
vai'ious  forms  for  tbe  cutters,  a  V-  shape  has  been  adopted,  with 
tbe  edge  nearest  the  machine  sloping  across  tbe  cut ;  so  that  when 
the  tool  has  entered  nbout  ^  or  ^  in.  a  wedging  action  commence^ 
and  the  ridge  of  coal  left  between  succeeding  cutters  is  split  off. 

This  machine  is  practically  the  only  one  which  bas  been  at 
work  in  England.  Messrs.  Atkinson  state  that  on  an  average 
30  to  30  »^.  yds.  per  houi'  may  be  cut  in  fairly  hard  coat,  all 
stoppages  being  included,  while  as  a  maximum  performance,  55  yds. 
were  holed  an  average  depth  of  3  ft.  8  in.  in  75  minutes  at 
Nostell  Colliery. 

The  Jeffrey  machine,  which  is  most  in  favour  in  America,  consists 
practicnlly  of  the  Legg  machine,  already  described,  with  the 
ordinary  engines  replaced  by  an  electric  motor.  The  current 
i-eqiiired  is  from  30  to  50  amperes  at  a  pressure  of  azo  volts ; 
the  armature  is  (^diluted  to  run  at  1000  rev.  per  min.,  while 
the  cutter-bar  makes  200  revolutions.  The  momentum  of  the 
armature  is  such,  that  obstructions  met  with  by  the  cutter-bar 
are  not  pei'ceptible,  so  that  the  machine  is  caused  to  run  steadily. 
Mr.  H.  C.  Spauldingt  states  that  23  of  these  machines  have 
been  applied,  and  that  the  amount  of  work  done  by  each  averaged 
from  600  to  900  eq.  ft.  of  under-cut  in  id  houi-s. 

Van-Dfpode-X — A  machine  of  the  percussive  type  has  recently 
been  placed  on  the  market  in  America.     With  a  stroke  of  from 
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in  Germany  by  the  use  of  rye  straw  for  chai'Coal,  carbonised  to 
browQuesB,  with  sulphur  reduced  from  10  jmr  cent,  to  3  per  cent. 
The  problem  is  to  get  rid  of  the  sulphur  altogether. 

The  fio-called  Emokelesa  powders  may  be  defined  as  chemical 
compounds,  and  generally  cODsifit  of  gun-cotton  and  picric  aad, 
sometimes  alone,  sometimes  in  combination,  mixed  with  retarding 
agents  to  prevent  detonation.  The  absence  of  smoke  is  a  great 
advantage,  but  safety  in  storing  and  reliability  in  keeping  qiulity 
ia  greater.  The  slow-burning  character  of  gunpowder  makes  it 
an  admiiTible  rending  compound.  It  gives  out  its  energy  in  a 
constant  Leaving  force,  and  brings  down  coal  in  large  lumps.  So 
other  explosives  do  so  ;  their  energy  is  locally  developed,  smash- 
ing up  such  a  soft  substance  as  coal,  and  entailing  a  loss  to  colliers 
and  colliery  owners.  So  far  as  cost  is  concerned,  gunpowder  com- 
pares favourably,  in  all  ordinary  ope  rations,  with  any  other  explosive 
80  long  as  powder  will  blow  the  bottom  of  the  holes  out,  nothing 
is  gained  by  using  more  powerful  explosives ;  but  in  strong  rocks, 
the  employment  of  powder  means  shallow  holes  and  slow  progrees. 
"Where  everything  is  sacrificed  to  speed,  the  holes  are  bored  deep, 
and  sufficient  explosive  used  to  break  up  the  rock  into  small 
fragments,  and  so  hasten  its  subseijuent  i-emoval.  Gunpowder 
possesses  an  advantage  which  is  not  shared  by  any  other  explo- 
sive :  it  can  he  u^ed  either  with  or  tvithout  detonators,  and  be 
DJiide  to  do  more  work  at  will, 

ITitro- Glycerine. — This  substance  b  formed  by  the  action  of 
a  mixture  of  nitric  and  sulphuric  acids  on  glycerine.  II  is  a 
bright,  oily,  colourless  and  odourless  fluid,  has  a  faint  sweet  taxte, 
and  is  poisonous,  causing  headache  and  colic.  It  is  such  an 
unstable  compound,  that  its  use  has  been  forbidden  bylaw  in  this 
country  and  in  several  continental  ones  ;  but,  mixed  with  other 
substances,  it  forms  the  base  of  the  m:ijority  of  modem  high 
explosives. 

Dynamite  is  a  plastic  substance  of  reddish-brown  colour,  con- 
sisting of  nitro-glycerine  absorbed  in  porous  kjeselguhr,  which  is 
earth  consisting  of  the  shells  of  diatoms  (nearly  pure  silica),  found 
in  Hanover  and  other  localities.  Many  other  absorbent  materiaJa 
have  been  tried,  but  kieselguhr  Las  given  the  best  results.  Tliis 
choice  has  been  further  justified  by  the  absence,  after  explosion,  of 
the  noxious  fumes  of  carbonic  oxide,  which  render  charcoiLl,  although 
equally  absorbent,  so  hurtful  to  the  health  of  the  miner.  Ordinary 
dynamite  contains  75  parts  of  nitro- glycerine  and  25  parts  of 
kieselguhr.  In  the  open  air,  in  small  quantities,  it  bums  freely, 
quietly,  and  without  explosion.  One  advantage  of  the  dynamite 
class  of  explosives  is  that  they  are  plastic,  and  therefore,  when 
tiimped,  fit  accurately  into  the  hole.  Metal  rods,  or  rammers, 
should  never  be  employed  to  tamp  the  charge.  A  wooden  rod 
should  be  used,  and  tbe  cartridges  gently,  though  firmly,  squeezed 
into  place. 
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Blastliig  Gelatine  is  said  to  be  the  most  powerful  of  known 
explosives,  and  is  a  tougb,  sdightly  elastic,  semi -transparent  sub- 
stance, resembling  ordinary  gelatine.     It  contains  93  per  cent,  of 
nitro-glycerine,  together  with  7  per  cent,  of  nitro-cotton,  and  on. 
eaplosioa  resolves  itself  into  carlxinic  acid,  water,  and  nitrogen,  ■ 
there  being  just  enough  osygen  to  combine  with  the  carbon  and  1 
hydrogen.     It  is  stated  to  be  50  per  cent,  stronfrer  than  dyni 
mite,  and  more  insensible  to  shocks  than  that  subiitance. 

Qelatine- Dynamite. — This  is  a  compound  better  known  to 
miners  and  contractors,  being  more  used  for  blasting  in  roclc 
■which  is  required  to  be  removed  in  as  large  pieces  as  possible,  ae 
its  action  is  a  heaving  and  rending,  rather  than  a  disruptivo  one. 
In  appearance  it  is  more  opaque  than  bla.sting  gelatine,  and 
oonsists  of  So  per  cent,  of  that  explosive,  with  nitrate  of  potash 
■nd  wood-pulp  added  in  proportion. 

Oelignite  is  similar  in  composition.  It  consists  of  65  per 
oent.  of  blasting  gelatine  and  35  per  cent,  of  theabsoibing  powder. 

In  cold  weather,  all  nitro-glycerine  compounds  freese,  even  at  a 
temperature  of  46°  F,,  and  ore  very  dangerous  to  use  when  in 
Rich  a  state.  The  cartridges  may,  however,  be  softened,  without 
danger,  in  warm-water  warming-pans.  They  must  not  be  put  in  the 
varm  water  to  do  so,  but  first  in  a  water-tight  vessel,  and  then 
that  vessel  placed  in  warm  water. 

Raokarook.- — This  explosive  is  largely  employed  in  America. 
It  is  composed  of  8a  per  cent,  of  potassium  chlorate  and  20  per 
cent.of  nitro-benzol.  The  former  of  these  ingredients  is  solid,  and 
Uie  latter  liquid,  and  both  are  non-explosive  during  their  manu- 
ttetare,  storage,  and  transport.  Little  danger  attends  the  use  of 
this  explosive  as  explosion  can  only  take  place  after  mixture,  this 
being  generally  done  immediately  before  charging. 

BlLA.STIirG  IN  DBT  AND  DTJSTT  MINES.— The 
passing  of  the  Mines  Regulation  Act,  1887,  materially  modified  the 
Bse  of  explosives  underground,  as  General  Rule  12  states  that  "  in 
places  likely  to  contain  either  accumulations  of  gas  or  coal-dust,  a 
shot  shall  not  be  fired  unless  the  explosive  is  so  used  with  water  or 
other  contrivance  as  to  prevent  it  inflaming  gas,  or  is  of  such  a 
nature  that  it  cannot  inflame  gas."  The  one  fault  of  gunpowder  is 
Out  it  gives  off  a  certain  amount  of  flame  on  explosion,  and  its  use 

therefore,  not  allowable  under  the  circumstances  just  stated.  To 
the  alt«red  conditions,  and  yet  to  continue  the  use  of  ex- 
es, numerous  methods  have  been  proposed. 

Water  Cartridge. — A  cartridge  of  gelignite  {usually  of  such  a 
me  that  only  one  is  necessary)  is  held  in  a  skeleton  case  (a,  Figs. 
68-70)  having  a  number  of  thin  metal  diaphragms  b,  wldcli  keep 
the  cartridge  in  the  centre  of  the  case  (c.  Figs,  68  and  70)  con- 
taining the  water.  A  detonator  is  inserted  into  the  last  cartridge, 
and  a  fuse,  or  electric  wires,  passed  from  it  to  the  outside  of  the 
bore-hole.     The  space  between  the  charge  and  the  case  is  filled 
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with  water,  nud  the  outer  end  firmlj  tied  round  the  projeet- 
ing  fuse  or  wii-es  d.  A  guide  wire  e,  is  also  pliu«d  in  the  ba^  to 
keep  the  charge  in  the  centi'e  long  ways.  The  objections  to  this 
apparatus  are  (i)  the  large  number  of  parts  and  delicate  handling 
they  require ;  (3)  the  water  acts  as  a  sort 
of  cushion  between  the  explosive  and 
the  sides  of  the  hole  and  so  lessens  the 
eH'ect ;  (3)  the  large-tdzed  hole  which  has 
to  be  bored ;  (4)  and  a  liability  of  rup- 
turing the  case  and  letting  out  the 
water. 

To  overcome  these  disadvantages,  which 
reiluce  efficiency  and  convenience,  several 
new  explosives  have  b  -en  developed, 

Roburite. — This  belongs  to  the  hydro- 
ciiibon  class  of  explosives,  and  coQsiste 
of  two  compounds  (which  are  harmless 
and  inert  separately)  mixed  and  ground 
up  together  in  a  mill,  the  resulting  pro- 
duct havingasandy  granularappearance, 
resembling  common  yellow  sugar.  The 
two  substances  are  nitro-benzol  and  am- 
monium-nitrate, the  latter  being  the 
oxygen-yielding  body.  During  the  pro- 
cess of  mixture  these  two  substances 
ai'e  subjected  to  a  process  of  chlorinisa- 
tion,  with  the  result  that  the  compound 
produced,  upon  being  detonated  in  the  usual  manner,  evolves  gases 
which  quench  any  flume  produced  by  the  explosion.  The  practical 
effect  is  somewhut  similar  to  that  produced  by  the  water  cartridge, 
with  the  distinction,  that  the  quenching  element  being  chemically 
combined  with  the  explosive,  (hei-e  is  a  smaller  risk  o(  failure. 
Roburite  cannot  be  exploded  by  blows  of  a  hammer,  as  it  reqiiiree  & 
verj-  powerful  detonator,  and  when  ignited  burns  slowly.  It  is  veiy 
Hafe,  as  far  as  regnixhi  storing,  and  has  more  of  a  heaving  action 
than  the  nit ro- glycerine  class.  It  does  not  freeze  when  exposed 
to  cold,  but  is  affected  by  damp  and  loses  power,  although  its 
strength  can  be  restored  by  drying;  the  cartridges  are,  howerer, 
placed  ia  a  special  waterproof  covering,  which,  to  a  certain  extent, 
i-emoves  this  disadvantage.  Statements  have  been  modefrom  time 
to  time  that  the  fumes  produced  on  explosion  liave  an  injurions 
effect  on  the  health  of  the  worlnnen,  but  in  every  instfince  where 
these  have  been  investigat«d  (in  Lancashire  and  the  North  of 
England)  no  ground  has  been  found  for  such  complaints.*  Some 
'Cases  of  illness  have  been  traced  to  its  use,  but  these  have  gener- 
ally been  found  to  be  due  to  the  neglect  of  the  proper  precautions 
in  its  use  which  are  published  by  the  manufacturera.  Woi-kmea 
•  Fed.  Jnst.  ii.  368. 
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having  cuts,  or  skin  knocked  ofT  theii'  hands,  should  be  careful 
when  handling  the  cartridges,  and  Rhould  nosh  their  hands  before 
eiiting  food,  or  there  is  a  danger  of  some  of  the  subijtimce  getting 
into  their  mouths. 

Ardeer  Powder. — Under  this  title  Messrs.  Nobel  bave  T6- 
' >'ritly  introduced  an  explosive  practically  identical  in  composition 
^^itb  "  Orisoutite,"  whicb  bos  given  Buch  good  results,  andbiui  met 
with  much  favour  on  the  Continent.*  The  base  of  the  compound 
is  dynamite  mixed  with  45  per  cent,  of  EpMni  Salt.  This  sub- 
stance contains  51  per  cent^  of  water,  and  is  introduced  for  the 
object  of  reducing  the  temperature  of  the  products  of  explosion. 

Corbonite  is  another  explosive  of  late  introduction.  It  is  said 
tA  be  composed  of  nitro-glycerine,  sulphur,  and  nitro-benzol. 

ToniCe. — Tonite,  which  consists  of  52.5  per  cent,  of  gun-cotton 
and  47.5  per  cent,  of  barium  nitrate,  by  itself  tires  gas  in  the 
same  manner  aa  ordinary  gunpowder,  but,  if  tamped  with 
Trench *s  Compound,  flame  produced  by  the  explo^^ion  is  quenched. 

AminoDite.— An  explosive  of  recent  introduction  is  that  known 
as  Ammonite  or  Favier's  explosive,  which  belongs  to  the  hydro- 
carbon class,  being  con)pot<ed  of  ammonium  nitrate  and  nitro- 
napbthaJene.  It  can  only  be  exploded  by  a  very  strong  detonator, 
is  not  airect«d  by  heat  or  cold,  but  reiidily  by  moisture;  for  thia 
reason  each  cartridge  is  enclosed  in  a  tinfoil  oue  liermeticaily 
eealed,  which  haa  to  be  cut  into  just  before  use  to  insert  the 
detonator. 

There  are  numerous  other  new  explosivea  each  claimed  by  the 
makers  to  possess  advantages  over  the  others.  All  are  stated  to  be 
flameless,  but  none  are  absolutely  so.  Everything  seems  to  depend 
on  the  tamping.  Mr.  Walton  Brown  t  states  that  the  experimenta 
of  the  French  Commission  showed  that  the  retardation  of  ignition 
characteristic  of  £re-damp  mixtui'es,  the  almost  instantaneous 
mixture  of  the  ga;$es  resulting  from  the  explosive  with  the  sur- 
rounding atmosphere,  and  the  quick  cooling  consequent  thereon, 
combine  to  make  explosives,  whose  temperature  of  detonation  is 
lesB  than  4000°  F.,  incapable  of  igniting  explosive  iire-damp 
mixtures  under  normal  conditions  of  use ;  that  is  to  say,  if  pro- 
perly stemmed.  The  degree  of  safety  becomes  greater  as  the 
temperature  of  detonation  falls  below  the  above  value.  With  any 
of  the  dual  mixture  explosives,  the  greatest  care  in  manufacture 
IS  necessary,  as  it  is  essential  that  perfection  be  ensured  in 
the  mixture.  The  safety  of  ignition  in  explosive  atmospheres  also 
depeuils  upon  the  almost  instantaneous  mixture  of  the  gases 
resulting  from  detonation  with  a  sufficient  volume  of  surrounding 
air,  it  being  highly  pi'obable  that  it  may  be  dangerous  to  fire  a 
shot  in  a  too  limited  space,  and  with  a  weight  of  explosive  too 
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great  for  the  volume  of  the  surrounding  air,  as  compared  with  the 
volume  of  the  gases  produced  by  the  detonation. 

Firing  the  Charge.— Esplosiona  may  be  diWded  into  two 
claases — (a)  where  combustion  proceeds  slowly  through  the  mass 
of  the  compound,  and  (6)  where  instant  ignition  take.';  place,  called 
detonation.  The  power  in  (a)  is  applied  elowly,  with  I'ending 
effect ;  while  in  (b)  the  gases  are  instantly  generated,  their  force 
13  localised,  and  a  shattering  effect  results.  To  produce  the  Utt«r 
action  detonators  have  to  be  used,  these  consisting  of  a  small 
quantity  of  a  powerful  explosive,  fulminate  of  mercury,  enclosed 
in  a  copper  capsule. 

Three  modes  of  firing  charges  are  in  use — (i)  squibs  or  Germans, 
{2)  fuses,  {3)  electricity.  The  first  can  only  be  employed  with 
gunpowder,  but  the  second  and  third  with  any  explosive. 

(i)  Squiba,  or  GermanB. — ^These  consist  either  of  a  straw  or 
paper  spill  £Hed  with  fine  powder.  When  "  Germans"  are  em- 
ployed, a  copper  rod,  about  y\-  ia.  diameter,  called  a  "  needle,"  has 
to  be  inserted  in  the  hole  during  tamping.  This  needle  reaches  from 
the  outside  to  the  cartridges,  and  is  turned  from  time  to  time  to 
prevent  it  getting  jammed,  and  finally  withdrawn,  leaving  an 
open  passage  through  the  tamping  to  the  powder.  The  Fquib  is 
then  inserted  in  this  hole,  and  a  slow  match  applied  to  the  outside 

(z)  Fuses. — Frequent  misfires  with  straw  squihs,  and  prema- 
ture explosions,  together  mth  the  production  of  a  shower  of 
sparks,  led  to  the  introduction  by  Bickford,  in  1831,  of  safety 
fuses,  the  principle  of  which  is  to  enclose  a  thin  string  of  gun- 
powder in  a  sheath  of  some  material  or  combination  of  materials, 
with  a  view  of  protecting  the  core  from  rough  usage  and  moisture. 
Many  different  qualities  are  made  to  meet  the  varying  condi- 
tions of  employment — viz.,  the  time  stored  before  use,  influence 
of  climate,  temperature  of  mine,  and  presence  or  absence  of 
moisture. 

For  ordinary  work  the  thread  of  powder  ia  protected  with  rope 
yam,  coated  with  different  varnishes,  or,  if  moistui-e  ia  present,  a 
further  lining  of  tape  and  varnish  is  given.  For  blasting  under 
water,  gutta-percha  coverings  are  employed,  but  such  fuses  cannot 
be  stored  long,  osviog  to  the  rapid  oxidation  of  the  gutta-percha.  To 
prevent  this,  an  exterior  coating  of  tape  and  composition  varnish 
isapplied,which  not  only  delays  oxidation,  but  retains  the  efficiency 
for  a  long  time.  Metallic  fuses,  in  which  the  core  is  covered  with 
lead  pipe,  have  been  introduced,  but  are  not  much  employed, 
owing  to  their  weight,  brittleness,  and  liability  to  damage  by 
toi'sion. 

Ordinaiy  fuses  are  sold  in  coils  24  ft.  long,  nnd  burn  at  the  rate 
of  2  ft.  per  minute.  Misfires  occur,  generally  through  deterioration 
and  the  use  of  inferior  qualities.  The  store-room  should  be  dry,  or 
the  powder  will  be  affected,  and  the  fuse  should  not  be  in  contact 
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wth  Any  oilj  or  greasy  artii^le.  All  gritty  ttDd  eharp  substances 
should  be  avoided  is  rammiug,  an  the  fuse  is  often  cut  through, 
and  A  misfire  follows. 

Under  tbe  Mines  Regulation  Act,  powder  can  only  be  taken  into 
«  mine  In  cartridges.  These  generally  consist  of  a  reel,  or  bobbin, 
of  compressed  powder,  having  a  hole,  conical  at  one  end,  pas.'iing 
through  the  centre.  la  luring  with  a  fuse,  it  in  fii'st  cut  to  obtoiiL 
a  fresh  surface,  and  tbreaded  through  the  bobbin.  One  end  of 
the  fuse  is  doubled  back  into  the  conical  hole  at  the  bottom  of  the 
cartridge,  and  pulled  tight,  the  subsequent  bobbins  being  threaded 
over  the  front.    In  doubling  the 

fuse  back  to  bind  it  in  the  cart-  Ins   71  ^nd  72 

ridge,  care  should  be  taken  t)>  it 
tbestring  of  powder  rests  direr  tl\ 
against  the  cartridge  (Fig  7 1 ) 
and  not  against  the  return  put 
tion  of  the  fuse  (Fig  72)  Nu- 
merous mii^fires  nay  be  traced 
to  the  neglect  of  this  simple  precaution. 

With  detonating  explosives,  a  piece  of  safety  fuse  is  out  clean, 
and  Inaei'ted  into  a  detonator  until  it  reaches  the  fulminate  The 
apper  port  of  the  c  ip  is  then  squeezed  with  a  pair  of  nippers, 
with  a  view  not  only  of  securing  the  fuse  in  position,  but  aJs:)  of 
-^e^eloping  the  power  of  the  fulminate 

For  use  umler  water,  care  should  be  taken  to  make  the  upper 
«nd  of  the  detonator  water-tight,  where  it  joins  the  fuse.  With 
nitro- glycerine  explosives,  a  cartridge  is  opened  at  one  end,  the 
detonator  pushed  in  (leaving  about  one-third  of  the  copper  tube 
outside  the  cartridge)  and  securely  tied  in  position.  The  deto- 
nator should  not  be  pushed  too  far  into  the  cartridge,  or  the  fuse 
may  set  fire  to  it  before  the  spark  can  explode  the  detonator. 
Holes  are  charged  by  putting  in  one  or  more  cartridges,  and 
squeezing  each  with  a  wooden  rammer,  a  cartridge  with  detonator 
and  fuse  is  then  inserted,  but  must  not  be  stjueeitd.  Loose  sand,  or 
water,  is  aU  that  ia  required  for  tamping,  but  the  power  of  the 
ezplorave  is  increased  by  tamping.  A  good  plan  is  to  insert  oa 
the  top  of  the  primuig  cartridge  and  detonator  a  ball  of  soft  clay 
.Di)  press  it  home,  then  put  ftul-her  tamping  on  this. 

In  firing  shots  in  mines,  where  naked  lights  are  not  allowed,  a 
copper  wire  is  commonly  employed,  one  end  of  which  is 
red-hot  by  putting  it  into  the  flame  of  a  safety  lamp,  while 
the  other  is  inserted  into  the  fuse.  The  wire  is  generally  passed 
through  a  small  hole  in  the  glass  of  the  lamp.  To  get  rid  of  the 
difficulty  of  pasfsing  wires  into  lamps,  and  prevent  the  emission  of 
sparks  when  the  fuse  is  fired,  Messrs.  Bickford  have  designed  an 
ignitor,  which  consists  of  a  small  tin  tube,  containing  a  small  gla! 
" '  ■  '   holding  sulphuric  acid,  resting  against  a  small  quantity 

if  potaub  and  sugar ;  one  end  of  the  fuse  is  inserted  into 
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the  o|>en  end  of  the  tube,  and  the  glass  phial  broken  by  gripping 
the  tube  with  a  pair  of  pincers  (Fig.  73).     Tlie  Bulphiiric  acid  acte 
on  the  mixture,  lights  the  end  of  tlio  fuse,  and  all  sparks  produced 
ai-e  kept  within  the  tube. 
^°-  73-  _  At  the  Aubin  Colliery  in  the 

department  of  Aveyron,  IVance, 
a  moditication  of  the  device  for 
lighting  pipes,  cigarettes,  iu:.,  by 
the  heat  generated  by  the  com- 
presBion  of  air,  has  been  in  use  for 
botne  time.  It  constats  of  a  metal  cylinder,  in  which  a  well-titting 
piston  moves,  the  rod  of  this  carrying  a  croaa-piece  bo  that  a  firm 
hold  is  given  forthe  hand.  One  end  of  the  fuse  is  passed  through 
a  small  hole  in  an  india-rubber  ring  into  the  cylinder.  A  quick 
and  strong  thrust  is  given  to  the  piston,  the  air  in  the  cylinder  is 
compressed  und  heated,  and  the  core  of  the  fuse  ignited.  It  is 
said  that,  witli  a  little  practice,  ignition  always  takes  place  at  the 
first  thrust,  and  bs  the  sparks  from  the  burning  of  the  first  inch  of 
fuse  are  thrown  out  inside  the  cylinder,  they  ore  thereby  cut  off 
from  the  surrouiiding  atmosphere. 

Blasting  by  Electricity. — The  practice  of  igniting  shots  by 
the  aid  of  the  electric  current  has  been  gaining  ground  for  a  con- 
siderable number  of  years ;  with  it,  no  question  can  arise  a«  to 
whether  shots  have  missed  tire  or  not.  Ignition  with  ordinal^  fuse 
sometimes  hangs  for  a  considerable  time,  even  up  to  twenty-four 
hours;  sparks  from  the  fuse  are  got  rid  of  by  numerous  devices, 
but  as  no  sparks  ai-e  produced  by  electricity,  it  must  be  better. 
Then  again,  there  is  no  chance  of  premature  explosion.  Every 
one  can  be  in  a  place  of  safety  before  the  shots  are  fired  ;  indeed, 
in  some  collieries  where  blasting  might  produce  an  explosion,  all 
the  shots  are  fired  from  tlie  surfa^'e  when  the  pit  is  free  from 

Two  systems  are  in  use ;  in  one,  electricity  of  high  tension  and 
small  quantity  is  employed,  while  in  tlie  other,  the  electricity  is  of 
low  tension  and  of  large  quantity.  The  former  are  called  "  tension,'' 
or  "machine,"  fuses,  and  the  latter,  "quantity,"  or  "battery," 
fuses. 

Tengion  Fuses. — These  consist  of  two  copper  wires,  with  the  ends 
separated  from  each  other  by  a  small  interval,  in  which  is  placed 
a  priming  composition,  and  the  whole  Inserted  into  a  detonator. 
The  current,  in  leaping  across  the  interruption,  meets  with  great 
resistance  from  the  low  conductivity  of  the  material  passed  through, 
heat  is  generated,  and  the  priming  and  detonator  fired.  Tiie 
priming  composition  generally  employed  is  known  as  "  Abel's," 
and  consists  of  a  mizturt:  of  10  ^larts  of  sub-phosphide  of  copper, 
45  parts  of  sub-sulphide  of  copper,  and  15  parts  of  cblo:iite  of 
potash,  well  rubbed  together  in  a  mortar,  with  siiflieient  alcohol 
to  moisten  the  mass,  and  afterwards  carefully  dried. 
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nitty  Fuses. — Here  tho  two  copper  wires  are  joined  together 
a  very  thin,  short  length  of  platinum  wire,  aud  fiurrounded 
Jlj  ft  substance  inflammaWe  at  a  low  temperature.  The  current 
pudDg  clown  the  copper  wires  meets  with  grettt  resietaucs  in 
paMJng  across  the  small  section  plutinum  wire,  and  generates 
Hoflicient  heat  to  fire  the  priming.  As  thecircuit  is  uninterrupted, 
quantity  only  is  required  to  heat  the  wire  to  reJnesa,  and  there- 
fore an  ordinary  battery  may  be  used. 

Comparison. — The  advantages  of  high  tension  He  chiefly  in  tho 
convenient  form  and  ready  action  of  the  machines  employed  to 
excite  electri<nty.  These  are  of  small  dimensions,  light  weight, 
umple  in  construction,  and  do  not  readily  get  out  of  order.  In 
addition  the  means  of  dischai'ging  the  machine  may  be  removed 
until  the  required  moment.  For  this  reason,  such  system  is  useful 
iu  mines  where  the  operation.')  are  carried  out  by  men  of  no  scien- 
tific knowledge.  A  great  advantage,  however,  is  the  fact  that  a 
large  number  of  shots  can  be  tired  simultaneously  with  more 
certainty  than  with  a.  battery,  and  that  line  resL«tance  has  a  small 
eSect  on  the  current,  so  that  cables  of  small  diameter  can  be  used. 
Tlie  disadvantages  are,  that  the  fuses  are  more  or  less  aSected 
by  moisture  and  heat,  and  that  the  wires  caiTying  the  current 
have  to  be  well  insulated.     Low  tension  fuses  are  more  trustworthy 


than  high.    Certainty  of  acti 
be  tested  before  use  by  pi 
the  insulation  of  the  line 
ordinary  mining  work,  low  tension  is  not 
In  the  first  place,  only  a  limited 


ion  is  always  possible,  as  each  fuse  c 
lugh  it,  and 

ires  need  not  be  very  perfect.  For 
convenient  as  high 
.ber  of  shots  can  be 


fired  simultaneously,  unless  a  large  battery  power  is  available. 
Batteries  soon  get  very  cumbeiBome,  and,  furthermore,  always 
require  a  considerable  amount  of  attention.  Low  tension  fuses 
can,  however,  bo  fired  from  an  electric  light  or  power  circuit  while 
high  tension  ones  cannot,  and  as  dynamos  are  becoming  common 
at  collieries  the  natural  result  is  that  low  tension  fuses  are  more 
and  more  applied. 

For  firing  tension  fuses,  two  types  of  machines  are  employed — 
1)  those  in  which  the  cun'ent  is  genei'ated  by  friction,  (6)  the 
llgneto  type. 

Frietionai  Machines. — The  machine  most  in  favour  is  that  of 
Bomhardt,  which,  from  its  simplicity,  compactness,  and  porta- 
bility, poaseasea  many  advantages.  Electricity  is  generated  by 
the  friction  of  two  revolving  discs  of  ebonite  against  two  Email 
cushions  covered  with  cat-skin,  and  is  received  by  two  cones,  and 
transmitted  by  a  metallic  conductor  into  the  interior  of  a  Leyden 
jar,  from  which  it  is  discharged  by  pressing  a  button.  The 
apparatus  is,  however,  very  delicate;  both  glass  and  ebonite 
'    '  hygroscopic,  that  a  machine  can  rarely  be  depended  upon 

many  hours  consecutively.     Unless  the  places  in  which 
1,  and  the  rubbers,  ai'e  dry  and  warm,  the  maoliine  will 
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furniflh  no  current,  as  the  electricity  ia  conducted  anaj  by  tbe 
j.'oiidenged  moisture  as  fast  as  it  is  generated. 

Magneto- Machines. — These  consist  of  an  electro- magnet,  between 
whose  poles  an  armature,  wound  to  a.  very  high  resistance,  is 
cauBed  to  rapidly  rev-olve  by  means  of  crank  motion  and  gearing. 
An  electric  current,  of  high  potential,  is  generated,  and  at  tbe 
moment  of  maximum  intensity  is  sent  out  to  the  outside  circuit 
in  which  are  the  fuses,  the  explosion  of  these  being  instantly 
accomplished. 

Simultaneoua  Blasting.- — The  advantages  of  firing  a  number 
of  shote  simultaneously,  especially  in  shafts  or  headings,  are  self- 
evident,  paiticularly  where  machine  drOIs  are  employ^.  In 
the  first  place,  as  soon  as  the  machines  have  been  removed  and 
tbe  holes  charged,  the  rock  should  be  shot  down  as  quickly  ae  pos- 
sible. Then  all  the  shots  going  off  at  once  assist  each  other,  their 
force  is  applied  collectively,  and  the  whole  of  the  rock  is  brougbt 
clean  away,  while  if  lii'ed  separately,  each  individual  blast  has  to 
tear  out  the  mass  of  rock  allotted  to  it,  the  result  being  that  in 
the  former  case  less  explosive  is  required,  and  in  addition  a  mini- 
mum amount  of  time  is  taken  up  in  the  opeiation.  Another 
advantage  of  simultaneous  firing,  is  that  all  the  smoke  produced 
by  the  explosion  is  generated  at  one  time,  and  the  men  only  have 
to  wait  for  this  to  clear  away,  while  if  shots  are  fired  indepen- 
dently, they  have  to  wait  after  each  blast, 

For  firing  a  large  number  of  shots  at 
once  electricity  is  pailicularly  useful,  the 
reduced  quantity  of  explosive  used  balancing 

Mthe  cost  of  the  electric  fuse,  the  saving  in 
time  already  refeiTed  to,  remaining  aa  an 
advantage.  Another  point  of  importance 
IS  the  question  of  missed  shots.  When 
imng  with  fuse,  one  can  never  be  sure 
whether  the  shot  has  really  missed  or  only 
hung  tre,  and  unless  explosion  takes  place 
the  working  has  to  be  fenced  off  for  a  con- 
siderable time,  thus  entailing  a  lose;  but 
w  ith  electricity,  nothing  of  the  sort  occurs. 
After  the  current  has  been  passed  through 
the  wires  the  place  can  be  approached  at 
once  without  danger. 

for  tiring  by  electricity  two  main  systems 
of  connecting  the  wires  to  the  machines 
are  in  use.  In  the  first,  the  fuses  are  con- 
nected in  series — that  is  to  say,  one  wire 
of  the  first  hole  is  connected  to  one  wire 
of  the  second  hole,  and  the  remaining  wire 
of  the  second  hole  to  one  wire  of  the  thii-d  hole,  and  so  on,  until  all 
are  joined,  when  there  wiU  be  one  wire  of  tbe  last  hole  and  one 
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of  tile  first  hole  left  imcotmec (;«<].  These  Ave  now  joined  by 
means  of  conducting  wires,  to  the  machino  a  considerable  diHtance 
Rwny  in  a  place  of  safety  (Fig,  74), 

The  second  aystem  is  known  as  tbe  parallel  one.  In  this,  one 
vrire  of  each  shot  is  connected  to  one  cable,  and  the  other  wire  to 
the  second  (Fig.  75). 

Modifications  of  both  these  Gystems  are  possible,  as  the  holes 
may  be  connected  in  multiple  aeries  (Fig.  76). 

The  disadvantage  of  the  series  Byatem,  is  that  the  power  of  the 
iDiichine  has  to  be  equal  to  that  required  to  fire  each  fuse,  multi- 
plied by  the  number  of  fuses,  and  that  unless  the  fuses  have  all 
the  same  resistance,  or  vary  only  within  narrow  limits,  only  the 
most  resistant  will  be  fired. 

Bickford't  Vollej/  Ftise. — To  render  the  operation  more  simple 
than  with  electricity,  Hestrs.  Bickford  have  designed  a  method 
in  which  ordinary  and  special  fuses  are  employed  for  simultaneous 
blasting.  A  length  of  safety  fuse  is  connected  to  one  side  of  an 
explaeive  disc  in  a  tin  tube.  The  required  number  of  special  fuses 
•re  snugly  tied  together,  their  ends  cut  clean  and  level,  and  in- 
serted into  the  tin  tube,  touching  the  other  side  of  the  explosive 
disc  The  mouth  of  the  tube  is  protected  by  a  waterproof  sub- 
stance, such  as  pitch.  To  fire,  the  length  of  the  safety  fuse  is 
lighted,  this  ignites  the  explosive  disc,  which  starts  all  the  special 
fuse  burning  at  the  same  time.  The  particular  point,  however,  con- 
sists of  the  special  fuse,  which  is  manufactured  to  burn  at  the 
rate  of  gooo  ft.  per  minute,  the  speed  of  ordinary  fuse  being  only 
a  ft.  per  minute.  To  enable  operators  to  adapt  the  instantaneous 
fuse  to  any  available  length,  to  suit  their  particular  requirements, 
the  inventors  supply  on  de- 
nmnd  the  igniters  with  fuse  j-j^ 

looped  as  in  Fig.  77,  so  that 
if  the  whole  length  of  fuse 
eo  looped  is,  aay  10  ft.,  tbe  | 
miner  can  cut  it  into  single 
lengths  of  3  ft.  and  7  ft.,  or 
any  proportion  of  10  ft. 
(taking  core  not   to    detach 

it  from  the  ignitor).  This  does  not  affect  the  simultaneousness 
of  the  explosion,  as,  owing  to  tbe  rapidity  of  burning,  small 
differences  in  the  lengths  of  the  special  fuse  are  not  ot  any 
moment. 

Position  of  Holes. — The  situation  and  inclination  of  holes  in 
rock  drifts,  depends  on  the  nature  of  the  rock,  and  on  the  sj-stem  of 
drilling  employed.     With  hand  drilling  and  single  blasts,  every- 


thing depends  on  the  skill  of  the  miner,  who  carefully  e 
the  faces,  and  decides  on  the  position,  direction,  and  depth  of  the 
hole ;  the  conditions  that  have  to  be  fulfilled  being,  that  the  rock 
should  be  OS  fi-ee  as  possible  on  one  side,  and  that  neither  too 
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much,  nor  too  little,  rock  should  be  attempted  to  be  dislodged.  In 
the  foraier  esse,  if  there  is  too  much  reeistauL'e  the  bole  will  act 
like  a  cannon,  and  the  tamping  will  be  fovced  out,  producing  what 
is  known  as  a  "  blown-out  shot,"  while  in  the  Utter  case  the 
explosives  will  be  wasted. 

With  machine  drills  and  Kimultaoeous  blasting,  there  is  not  so 
much  necessity  to  consider  the  lines  of  least  resistance,  although 
euch  is  genersllj  done.  Many  different  arrangements  can  be  em- 
ployed. The  following  may  be  considered  a  typical  example.*  A 
wedge,  or  core,  is  first  blasted  out  of  the  centre  of  the  heading, 
this  being  known  as  a  centre-cut,  the  sides  being  blasted  out  after- 
wards, A  centre^cut  needs  about  eight  holes,  divided  into  two 
seta,  four  each,  arranged  in  nearly  vertical  lines,  at  equal  distances 


Figs.  7S 


from  the  centro  line  of  the  heading.  Each  hole  of  one  set  of  the 
centre-cut  ia  drilled  in  a  direction  intended  to  meet  the  corre- 
sponding one  uf  the  other  set  at  the  centre  line  of  the  beading,  so 
as  to  form  a  wedge.  These  are  drilled  fully  Len  feet  deep.  Where 
Ibe  character  of  the  material  only  requires  one  set  of  holes  in  the 
sides,  these  are  usually  three  in  number,  and  drilled  from  seven 
to  nine  feet  deep.  The  inclination  of  the  holes  in  the  diffei-ent 
sets  are  shown  in  Figs.  78-Si.  The  holes  inclining  upwards,  are 
drilled  dry,  those  hoiizoutid,  or  inclined  downwards,  wet.  Some- 
times second  side  rounds  are  requii'ed;  these  will  consist  of  two 
holes  each. 

Blown-out  ShotB.— The  combustion  of  powder  produces  large 
quantities  of  gaseous  products,  which,  in  the  case  of  blown-out 
shots,  are  driven  violently  into  the  roadways  and  at  the  point  of 
discharge  act  like  a  piston,  driving  back  the  air  flowing  past  the 
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bale  in  both  directionE,  and  producing  a  pavtiiil  vacuum,  into 
■which  the  gas  contniiied  in  the  coal  is  eshauKted,  and  diluted  with 
the  air  current  until  the  tiring  point  is  i-eached.  Ciouds  of  dust 
may  be  rniiied  Hi  the  same  time,  and  if  this  mixture  comes  into 
contact  with  flame,  ft  serious  explosion  is  readily  produced.  It 
lias  also  been  suggested,  that  the  sound  wave  produced  by  a  blown- 
out  shot,  uiay  cause  sufficient  pulsation  in  the  atmosphere  to  furcfl 
flame  through  an  ordinary  safety  lamp. 

It  is,  therefore,  desirable  that  blown-out  shots  should  be  pre- 
vented, care  being  taken  that  all  the  holes  are  plated  in  such  po«i- 
tion  that  they  do  the  work  allotted  to  them,  and  bring  down  the 
coal.  It  is  most  important  that  the  stemming  should  be  unlis- 
sored,  and  adhere  closely  to  the  sides  of  the  hole,  so  that  the 
gaseous  products  cannot  escape  befoi'e  the  complete  ignition  of 
the  powder.  To  remove,  however,  any  chance  of  such  an  occurrence, 
various  tamping  plugs  havo  been  designed,  the  majority  of  which 
consist  of  an  arrangement  of  metal  wedges  tightly  secured  in  the 
bole,  generally  by  the  aid  of  a  screw.  They  are  expensi 
cost  and  easily  lost.  A  Inter  device  is  the  employment 
of  a  cylinder,  or  rough  octagon  of  pine-wood,  with  ft  Yig.  8i. 
wedge-shaped  piece  cut  out  of  it  and  a  saw  cut  made 
as  a  continuation  of  the  wedge-shaped  cut.  The 
vedge  a  (Fig.  S2)  is  placed  against  the  charge,  the 
block  b  above  it,  and  the  explosion  drives  the  wedge 
up  into  the  body  of  the  block,  and  binds  it  firmly 
against  the  sides  of  the  hole. 

The  use  of  tamping  plugs  doe.s  not  seem  to  aflbrd 
any  greater  security  than  ordinary  toiuping,  if  the 
latter  is  properly  appHed. 

YABIOUS  METHODS  TO  8UFEBSEDE 
BLAST  I  NO.  ^Numerous  methods  have  been  pro- 
poeed  to  do  away  with  blasting,  the  chief  of  which 
consists  of  the  npplication  of  compound  wedges,  which 
may  either   be  driven  in  by   hand   or  by    different  mechanical 

tmbinations. 
EUiott  Unltiple  Wedge.— The  construction  and  method  ot 

tudng  these,  can  be  readily  seen  ironi  Fig.  8j,  the  advantage 
claimed  being  that  only  a  smiiU-sizad  hole  is  required,  and  that 
the  weight  of  the  whole  apparatus,  including  bodng  machine  and 
wedge,  is  very  small,  wlulo  the  expansive  force  developed  is  large, 
owing  to  the  fact  that  the  impact  of  a  blow  is  more  effective  than 
other  means  of  applying  wedging  power. 


Fig.  81. 
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Haawell  HechanicBl   Coal-getter.*— In   this  ma^Iiine,  < 

rending  action  is  accomplished  by  a  wedge  between  two  feathers, 
the  wedge  Iwing  drawn  out  by  a  combination  of  a  screw  and  lever. 
The  burating  a^itiou  takes  [ilace  towards  the  batk  of  the  hole,  and 
not  at  the  fat*  where  least  I'equired. 

Burnett's  Boiler  Wedge.— The  amount  of  friction  between 
the  sides  of  the  wedge  and  feathers,  in  ordinary  systems,  is  very 
great.  To  overcome  this  difficulty,  Mr.  Burnett  t  has  designed  * 
ivller  wedge,  in  which  rolling  is  substituted  for  sliding  friction. 
It  consists  of  two  external  plugs,  or  feathers,  with  an  internal 
wedge  running  on  roller  bearings.  This  wedge  is  drawn  out  by 
the  action  of  a  screw  and  nut,  driven  by  a  ratchet  and  pawl  arrange- 

Hydrflulic  Wedges, — To  increase  the  power  of  these  machines 
hydraulic  pressure  has  been  called  into  requisition.  A  man's 
strength  acting  on  a  lever  working  the  piston  of  a  small  hydraulic 
pump,  b  capable  of  producing  an  enormous  pressure,  which  can  ba 
applied  to  driving  in  wedges.  Instead  of  applying  the  hydraulic 
apparatus  directly  to  the  wedge,  which  compels  the  operator  to 
stwid  close  to  the  face,  in  some  designs  the  pressui-e  pump  is  fixed 
a  oonaiderable  distance  away,  and  the  water  is  conveyed  to  the 
wedge  through  a  pipe. 

Idme  Cartridges. — Messrs.  Smith  and  Moore  have  designed  a 
process  for  bringing  down  coal  by  utilising  the  expansion  of  quick- 
lime, when  water  is  applied  to  it.  Ordinary  mountain  limestone  is 
calcined  and  ground  to  a  fine  powder,  and  compressed  by  hydraulic 
power  into  a  cartridge,  having  a  groove  running  along  its  fuil 
length.  The  cartridge  is  about  5  in.  long  and  sk  in.  duun.,  and 
when  taken  from  the  press  is  wrapped  in  a  sheet  of  paper,  and 
placed  in  an  air-tight  box  to  keep  away  damp.  Coal  is  holed  and 
shot-holes  drilled,  in  the  ordinary  way,  and  cartridges  placed  in 
them.  An  iron  tube  J  in.  diam,,  having  a  small  external  channel 
on  the  upper  side,  aud  provided  with  perforations,  is  inserted 
along  the  full  length  of  the  hole.  Several  cartridges  are  placed 
in  each  hole,  the  grooves  formed  in  them  during  the  process  of 
manufacture  lying  against  the  tube  just  referred  to,  and  th© 
mouth  of  the  hole  is  tamped  in  the  usual  way.  A  small  force- 
pump  is  connected  by  suitable  means,  to  the  end  of  the  tube 
projecting  from  the  hole,  and  water  forced  in.  The  hand  pump 
IB  then  detached  and  carried  away  to  anntlier  hole.  The  water 
acting  on  the  lime  greatly  expands  its  bu'V,  and  the  coal  is  forced 
6fwn. 

This  system  has  been  employed  and  given  good  results  ai 
Shipley  Colliery  for  a  considerable  time,  bnt  has  not  met  with, 
much  favour  elsewhere.  It  can  only  be  used  for  certain  classes  of 
coal,  and  great  care  has  to  be  exercised  to  keep  the  cartridges  dry. 
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HieyTeAdilr  absorb  moislure  from  t)ie  atmospliei-e,  and  completely 
loee  tiieir  efficiency. 

Bosseyeuse. — For  a  considerable  length  of  time  an  apparatus 
boEbeea  in  use  at  the  Marihaye  Colhery,  Belgium,  which  consists 
of  a  rock  drill  of  the  Dubois- Francois  type,  boring  a  senes  of  holes, 
pwiped  in  a  certain  pattern,  in  the  face  of  the  work.  The  drilling 
twi  IE  removed  and  replaced  by  a  hammer  head,  a  number  of  plug 
and  feather  wedges  are  then  put  in  the  holes,  and  driven  in  by  the 
battering  ram,  till  the  rock  is  broken  down  and  split  up.  No 
(iplonves  are  used,  and  trials  over  a  period  of  many  years  show 
liwt  the  employment  of  the  machine  has  not  increased  the  cost  of 
working. 

Frohibition  of  Blaating. — From  time  to  time,  sug^gestions  are 
niiuJe  that  blasting  should  b^  prohibited  in  mines.     "Undoubtedly, 
lliere  are  seams  of  coal  which  can  be   economically  worked   by 
"edges,  but  such  are  few-  and  far  between.     With  a  seam  that  is 
lluD,  hard,  and   blocky,  and   adheres  tenaciously   to   the   roof, 
wwlging  is  of  no  use,  the  coal  breaks  short,  and  wedge  after  wedge 
IB  inserted  with  little  effect.     On  the  other  hand,  where  the  cml 
is  soft,  the  wedge  on  expanding  simply  widens  the  sides  of  the 
bore-bole      As  in  too  many  cases  the  direct  causes  of  eicplosiona 
an  only  be  conjectured,  every  cause  to  wbich  esplosions  have  been 
traced  shares  a  prejudice  which  evidently  does  not  rightly  belong 
to  them  all.     Although  the  occurrence  of  some  explosions  can  be 
directly  traced  to  blasting,  it  must  not  be  assumed  that  all  are 
due  to  this  cause,  or  that  if  it  was  stopped  entirely,  they  would 
cease.    When  a  large  explosion  takes  place,  the  loss  of  life  is  so 
aerioiis  that  public  attention  is  directed  to  it,  and  the  other  acci- 
dents which  happen  in  mines  are  apt  to  be  lost  sight  of.     Statis- 
tics, however,  show  that  the  deatb-rate  is  higher  from  several 
other  causes  than  from  explosions  ;  for  instance,  falls  of  roofs  and 
sides.     Now,  with  blasting,  the  men  are  away  from  the  working 
face,  but  with  wedging  they  must  be  thei-e,  and  ai-e  liable  to  be 
injured   by   falls   which   take  place,  especially  in   thick  seams. 
Wedges  are  claimed  to  produce  more  round  coal  than  when  shots 
are  used,  but  such  is  not  necessarily  the  case.     If  the  choi-ge  em- 
ployed is  properly  proportioned,  it  can  lie  made  to  do  what  is 
required ;  all  that  has  to  be  done  to  produce  the  coal  in  a  lai'ga 
roimd  state,  is  to  vary  the  amount  of  explosive, 

To  show  the  increase  in  cost  due  to  prohibition  of  blasting,  Mr. 
"W.Y.  Craig*  arranged  for  the  best  miners  at  Podmore  Hall  Col- 
liery to  be  employed  to  work  at  day  wages  on  two  places  for  one 
month  with,  and  one  month  without,  powder.  In  a  ii  yd.  drift, 
woi'king  one  month  without  powder,  the  wages  paid  were 
j^i6  o».  lorf.,  quantity  produced  233  tons,  1 1  cwt,,  3  qrs.,  coat  per 
4:/;  same  worked  with  powder,  wages;£'i7  gs.  3 rf.,  including 


moiii..4:/; 


CHAPTER  V. 

SINKING. 

Position  of  Shaft. — The  commercial  success  of  collieries  depends 
in  a  great  measure  on  the  position  of  the  shafts,  and  before  deciding 
ou  their  situation,  erery  point  should  be  given  careful  consideration. 
In  proved  districts  where  the  ini^lination  of  the  seams  is  known, 
th«  shaft  is  generally  phiced  in  the  deepest  point,  especially 
where  quantiti«B  of  water  are  expected,  as  both  water  and  coal 
gravitate  to  the  shaft  and  render  haulage  easy.  Dealing  with 
wat«r  in  dip-workings  is  most  expensive.  It  is  advisable  to  place 
the  main  shaft  somewhere  about  the  centre  of  the  royalty  so  that 
equal  areas  am  be  worked  on  all  sides  of  it.  Surface  considerations 
may,  however,  overweigli  the  majority  of  the  underground  pointa. 
The  disposal  of  the  piodoce  must  be  carried  on  easily  and  cheaply ; 
pro^mtty  to  towns  or  places  where  a  household  trade  can  be 
carried  on  is  important.  Communication  with  railways  or  water- 
vrays  should  be  studied.  A  supply  of  water  for  boilers,  4c.,  is 
requisite,  many  colheries  labouring  under  great  cost  and  dis- 
advantn^^  thix>ugh  being  unable  to  obtain  this.  In  unexplored 
districts,  it  is  well  not  to  make  the  first  shaft  a  principal  one, 
but  to  sink  it  down  to  the  seams,  and  aft«r  proving  theU'  inctina- 
tion,  ic,  to  decide  on  the  position  of  the  main  winding-shaft, 
from  data  so  obtained. 

Form  of  Shaft. — At  the  present  time,  so  far  as  European  prac- 
tit-e  is  concerned  (except  inScotland).  the  general  custom  of  colliery 
dist  ricts  is  to  make  shafts  circular.  Various  other  shapes  have  been 
tried — square,  elliptical,  and  pol.>-;gDDal — but  have  been  abandoned 
in  the  majority  of  ca.~es.  In  order  to  economise  space,  many  of 
the  earlier  shafts  were  made  rectangular,  and  are  still  often  so  sunk 
in  Scotland,  and  in  the  United  States,  but  it  has  been  found  that  ' 
rouud  shafts  are  en.sior  and  cheai>er  to  sink,  more  capable  of  resisting 
the  pressure  of  "  hwny  "  strut*,  alisolutelv  necessarv  in  running 
ground  (the  pressure  being  equalised),  and'  more  suitable  for  the 
applicalioM  of  metal  tubbing.  The  waste  of  sp»«  and  other  diaad- 
»ant«ge«  due  to  wrcular  form  are  less  considerable  than  had 
been  supposed ;  indeed,  by  oareful  arran^ments  the  space  wasted 
luay  becomealmwt  notluiijt.  11,^  i^niiUtion  >.t  lar"e  coal-minea 
could  not  be  weU  <»rrie.l  out  with   rectanguW  shafts,  as  the 
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nmning  of  tLe  cages  would  interfere  too  much  with  the  pn^wtge 
oftbeair;  indeed  the  space  unoccupied  b;  the  cages  in  a  positive 
advwtage  in  numberlees  instances. 

Where  st-one,  bricks,  or  iron  are  cheap,  the  circular  form  is  pre- 
ferred, but  where  wood  is  abundant  and  largely  employed  for 
smiring  ibe  sides,  and  other  mateiiiil  absent,  the  reetungulnr 
■hape  'a  adopted. 

SiieorSliaft. — This  depends  entirely  on  the  suze  of  tub  employed 
andon  the  output  required.  After  deciding  on  what  dnily  quantity 
IE  to  be  extracted,  and  tbe  weight  that  each  tub  shall  contain,  the 
niimber  of  tubs  to  be  drawn  each  day  and  each  hour  can  be 
obtained.  Kuowiog  the  depth  of  the  shaft,  the  speed  at  which 
viading  is  to  take  place,  and  the  time  occupied  in  changing  tbe  tubs 
on  the  cage,  and  allowing  a  margin  for  interruptions,  the  number  of 
tabs  to  be  raised  at  eacb  lift  is  easily  found.  Then  after  deciding 
luw  many  decks  or  platforms  there  tire  to  be  in  the  cage,  the 
niunber  of  tubs  on  each  deck  is  establinhed.  As  the  tubs  have  to 
beof  a  certain  Mze  to  hold  thequantity  they  have  to  contain,  tbe 
Dumber  on  each  deck  tleterminee  the  size  of  the  cage.  If  the  shaft 
is  only  to  have  one  cage  working  in  it,  its  diameter  must  be  such  as 
"ill  allow  a  rectangle  of  the  size  of  the  cage  to  pass  through  freely, 
alloiring  a  margin  for  clearance  of  from  three  to  six  inches  at  the 
coraera.  If  two  cages  are  to  be  employed,  two  rectangles  should  be 
plotted  on  paper,  with  a  clearance  space  between  of  from  nine  to 
fifteen  inches,  and  a  circle  inscribed  round  them,  allowing  a  similar 
space  as  before  for  clearance  at  corners.  The  diameter  of  this  circle 
givee  the  «ize  of  the  shaft. 

Where  pumps  are  reqiured  and  have  to  be  placed  in  the  winding 
shufl,  the  room  they  take  up  must  also  be  allowed  for.  The  better 
pluiis,  however,  to  keep  everythingescept  winding  appliances  out 
of  the  main  shaft. 

OPEH ATION  OP  GETTINQ DOWIT  TO  THE  " STOlfE- 
KEAD."— The  first  operation  in  sinking,  is  to  get  down  to  solid 
repilar  strata,  technically  called  the  "stone-head."  In  the 
majority  of  instoncee,  some  drift  or  loose  deposits  have  to  bo  passed 
thiijugh  before  firm  ground  is  reached,  and  a  foundation  obtained 
for  the  masonry,  or  other  means  which  are  to  be  employed  for 
>  pwnisnently  securing  the  sides  of  tbe  excavation.  Often  this 
preliminary  operation   is  very  troubie- 

sonieflnd  expensive,  depending  entirely  Fias.  84  and  85. 

on  the  nature  of  the  strata. 

(a)  Where  the  ground  is  moder- 
ately hard  it  is  usual  to  hrst  dig  down 
a  few  feet  and  then  place  at  the  bottom 
of  the  excavation  a  circular  frame  of 
timber  called  a  "crib"  or  "curb."  This 
couusts  of  an  anntilus  divided  intoa  nnmber  of  segments  having 
jomta  (Figs.  84  and  85);  with  narrow  curbs,  the  segments  are 
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KSiially  connected  together  by  one  bolt,  but  in  broader  ones,  two 
U'ilt  be  employed.  At  the  surface,  a  square  frame  is  formed  by 
fi>ur  pieces  of  timber  intersecting  each  other,  bold  by  notches 
where  they  cross,  and  with  the  ends  projecting  to  tome  distance  be- 
yond. This  is  often  held  down  by  pegs  which  give  it  a  grip  on  the 
ground.  Timber  laggings  will  now  be  driven  Miindthe  curbs,  at 
necessary  pointii  where  the  nature  of  the  ground  requires  them  for 
support,  and  the  two  frames  are  then  connected  by  nailing  on 
strips  of  stronger  planks  (called  "stringing  deals")  at  intervals 
round  the  shaft  on  the  inside ;  in  addition,  abort  vertical  struts 
called  punch  props  are  placed  between  the  curbs  to  keep  them  in 
poeitiou  (c,  Fig.  86).  Then  the  groiiDd  is  removed  for  a  further 
distance  down,  a  ttiiid  frame  put  in, 
Fio.  85.  lugged  behind,  and  hung  by  a  further 

set  of  planks  from  the  second  curb 
(Fig.  86, 1, 2,  J,  are  the  curbs,  a  a  the 
laggings,  b  b  the  stringing  deals). 

Instead  of  timber  laggings,  t  he  space 
between  the  curbs  is  often  filled  in 
with  a  dry  walling  of  bricks  called 
"  back  casing,"  the  curbs  being  hung 
from  each  other  by  stringing  deals  as 
before. 

If  the  ground  is  soft  and  does  not 
affoi-d  sufficient  support  for  the  curb 
at  the  bottom  of  the  excavation,  the 
whole  structure  is  hung  by  chains  or 
iron  bolts  from  strong  baulks  of  timber  placed  transversely  across 
the  shaft  at  the  surface.  Tiiese  tie-bolts  are  added  to,  and  length- 
ened, as  additional  curbs  are  tised  below  until  the  firm  ground  is 
reached, 

Instead  of  employing  wooden  curbs  for  timbering  through  loose 
ground,  the  practice  is  becoming  general  of  using  iron  "  binding  " 
rings.  Four  of  these  go  round  the  circumference  of  the  shaft  outside 
brickwork,  and  are  made  of  flat  atrip  iron  about  3  in.  by  j  in.  They 
are  connected  together  by  bolts,  each  segment  overlapping  at  the 
joints.  When  placed  in  position  laggings  are  driven  down  between 
them  and  the  sides  of  the  eicavation.  By 
arranging  a  nnml>pr  of  bolt-holes  in  each 
segment  (Figs.  87  and  88)  they  can  be  made 
to  overlap  each  other  moi-e  or  lessos  desired, 
and  thu.-!  fit  a  smaller  or  larger  excavation 
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>  permanent  lining  is  then  put  in  by 
one  of  the  methods  deficribed  father  on,  care  being  token  that 
nil  the  temporarj-  timliering  is  removeil. 

{b)  Where  the  ground  is  loose,  different  methods  to  the  fore- 
going have  to  be  employed.      Sinking  through  quicksands  and 
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ILavily  ivatered  beds,  is  one  oE  the  most  costly  operations  connected 
with  miniii?,  and  calls  forth  all  the  sHIl  and  experience  of 
enEniwrs.  The  means  used  for  reaching  the  "  slone-hend"  where 
qriickrands  are  present,  depend  in  a  great  measure  on  the  Ihick- 
L.Dsathat  has  to  be  passed  through, 

(i)  Pile- Driving. —At  one  time  the  general  method  adopted  was 
I'V  wliBt  is  known  as  "  piling,"  which  consists  of  driving  vertically 
iloRnwards,  all  amund  the  circumference  of  the  shaft,  wooilen 
pbnks  with  their  edges  touching  each  other,  and  supporting  thoDi 
internally  with  curbs.  The  planks  or  piles  used  are  generally 
li'oni  ten  to  fifteen  feet  long,  six  inches  bi'oad,  and  thi'ee  inches 
iLick,  having  their  lower  end  tapered  off  to  a  cutting  edge,  oud 
iheiropper  one  strengthened  with  a  wrouglit-iron  hoop,  so  thnt 
ihfT  are  not  split  by  the  blows  of  the  wooden  driving  maul.  In 
farming  the  cutting  edge,  all  the  taper  is  given  on  the  inside,  the 
outer  side  not  being  touched,  as  if  it  wiis  cut  to  a  V  form  the 
plea  could  not  well  be  driven  down  vertically,  as  the  tendency 
imild  be  for  them  to  incline  towai-ds  the  centre  of  the  shaft.  In 
li.inl  pround,  the  cutting  ends  of  the  planka  are  shod  with  iron 
to  enable  them  to  penetrate  more  easily. 

The  width  of  the  supporting  curbs  depends  on  the  size  of  the 
PMavation.  They  are,  however,  generally  made  about  sis  inches- 
blind,  and  placed  at  closer  vertical  distances  in  large  shafts  than 
in  smaller  ones. 

When  the  bottom  of  the  first  length  of  piles  has  been  reached, 
and  a  curb  placed  round  as  a  support,  a  second  set  are  driven 
down  inside  the  lower  supporting  curb,  so  that  the  diameter  of  the 
•liaft  is  reduced  in  that  length  by  twice  the  thickness  of  the 
laggings  and  twice  the  breadth  of  the  curb,  or,  if  6  in.  cur1>s 
uid  3  in.  piles  are  used,  by  i8  inches.  As  this  reduction  takes 
place  with  each  course  of  piles,  the  shaft  has  to  be  commenced  at 
the  surface  with  a  diameter  sufficiently  large  to  allow  it.  It  there- 
fore becomes  necessary  that  the  thickness  of  the  quicksand  to  be 
passed  through  should  be  approximately  known,  such  being  usually 
found  by  boring.  If  piles  15  feet  long  are  used,  a  fresh  course 
will  have  to  be  put  in  about  every  twelve  feet,  therefore  if  the 
quiclcHiud  is  60  ft.  thick,  tive  reductions  will  take  place,  alto- 
gether amounting  to  5xii  =  7ift.  If  a  15  ft.  shaft  is  being 
sunk  with  brickwork  lining  18  in.  thick,  the  diameter  at  the 
bottom  of  quicksand  must  be  at  least  18  ft.,  and  at  the  surface 
the  excavatJon  will  require  to  be  i8  +  7j=  ^Sl  ft.  diameter. 

Commencing  at  the  surface,  the  grouud  is  excavated  a^  far  as  it 
will  stand,  and  the  first  curb  carefully  laid  down,  with  its  centre 
coinciding  with  the  centre  of  the  shaft ;  the  lining  of  piles  is  then 
drii-en  down  as  far  as  possible,  and  the  ground  taken  out  on  the 
inside  till  a  sufficient  distance  has  been  sunk  to  require  the  sup- 
poit  of  another  curb,  which  is  accordingly  placed  in  position.  The 
piles  will  then  he  driven  down  a  further  distance,  more  ground 
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excavated,  and  go  on  unti]  the  bottom  of  the  first  set  of  pili 
nearly  reathed.  A  sujiporting  curb  (a,  Figs.  89  and  90)  will  then 
be  luced  againbL  the  piles  and  a.  second  one  h,  18  in.  less  in  dia- 
meter, will  be  placed  inside  it,  leaving  an 
angular  space  of  3  in.  between  the  two.  A 
second  set  of  laggings,  c,  will  now  be  driven 
down  in  the  space  left  between  the  two  curbs, 
and  the  same  cycle  of  operations  gone  through 
as  before.  This  process  ifi  repeated  until  the 
solid  ground  is  reached. 

The  method  just  described  is  the  one 
generally  adopted  in  the  North  of  England, 
and  where  the  ground  is  very  loose  and  of  a 
watery  description.  Sometimes,  however, 
instead  of  driving  down  the  piles  vertically 
they  fti-e  inclined  outwai-ds  (o,  Fig.  91),  nnd 
then  tie  the  ground  is  escavated  towards  theji" 
lower  end,  the  pressure  gra- 
dually  drives  them  foi-uaril. 
When  the  ground  has  been 
got  out  for  a  short  distance 
in  the  bottom,  supporting 
curbs  b  are  fixed  in  the  same 
manner  as  before.  As  the 
piles  in  this  instance  do  not 
touch  each  other  at  thetr 
lower  endn,  straw,  or  ^iiuilar 
material,  is  pushed  between 
the  joints,  to  prevent  the 
Kand  from  flowing  into  the  • 

sh.ift.  ' 

When  the  ground  is  very  loose,  or  watery,  the  difficulty  of  u-sing 
the  latter  class  of  piling  is  aui-moiuited  by  the  so-called  method  (^ 
"  (juartering,"  in  which  only  a  portion  of  the  circumference  is 
attacked  at  a  time.  Commencing  from  the  upper  curb,  ground  is 
token  out  for  a  depth  of  3  ft.  in  the  centre  of  shaft,  piles  4  ft. 
long  are  driven  down  for  a  length  of  about  S  ft.  round  the  circum- 
ference of  the  shaft,  and  when  each  has  gone  in  its  full  length,  the 
top  end  is  knocked  back  under  the  curb.  The  ground  is  got  out 
for  a  length  of  3  ft.  in  front  of  the  piles,  a  segment  of  a  curb  laid 
on  the  bottom  perpendicularly  under  the  upper  one,  and  the  space 
between  filled  in  with  dry  brickwork  ;  when  this  is  completed  the 
two  curbs  are  connected  by  nailing  on  stringing  deals,  and  a  fur- 
ther series  of  piles  driven  down  at  the  end  of  those  already  in 
position.  SulEcient  ground  is  then  excavated  in  front  of  the  piles, 
until  room  is  obtained  for  another  segment  of  the  curb,  this  join- 
ing up  to  the  firet  one  laid.  The  space  between  this  and  the  upper 
curb  is  then  filled  in  with  dry  brickwork  as  before,  more  piles 
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I  driven  down,  the  ground  excavated,  a  third  segment  laid,  and  the 
se  repotted,  segment  after  segment  being  "quartered"  in, 
■intil  the  whole  circmnfereDce  is  firmly  secured  for  the  length 
\  gnder  consideration.     A  lower  length  is  then  attacked  in  a  similar 

■uioer,  and  then  Another,  and  so  on  until  solid  ground  in  reached. 

(2)  Drums. — The  method  of  pile-driving  ia  an  esceediiigly  ex- 

■  puisive  one,  and  is  often  supei'seded  by  one  of  the  so-called  "drum" 

f  Mthods.     In  thia  system,  a  drum  either  of  wood  or  iron  of  a 

JatDeter  sufficiently  large  to  allow  the  pei'manent  walling  being 

ini^rted  inidde  it,  is  sunk  through  the  sand, 
in)  Wood- — A   curb   (Fig.  91),   14  op  i3  in.  broad  by  6  in 

ibirk,  is  first  laid  truly  level  on  the  top  of 

ihv  bed  to  be  sunk  through,  and  a  tier  of  i'To,  92. 

msMnry  built  on  it  to  a  height  of  about  3  ft,,  (J^  /C' 

"hen  a  second  curb  will  be  laid,  and  con-  i^Htt 

netted  to  the  first  by  iron  tie-boits  passing 

'tiroiigh  the  brickwork.     In  order  to  prevent 

-lie  dislocation  of  the  masonry,  and  to  reduce 

riiL'tion  during  descent,  a  close  lining  of 
I  pltnkB  is  nailed  around  the  outer  circum- 
I  (ntooe,  these  being  planed  at  the  edges  where 
[  Che^  meet,  to  ensure  a  water-tight  joint.  A 
[     farther  length  of  maeonry  ia  then  built  on 

the  wcond  curb,  a  third  one  laid  and  con-  1 

nerted  with  bolts,  and  laggings  placed  round  the  outer  circuin- 
feresce,  as  before,  In  Fig.  92,  a  and  b  are  curbs,  e  a  wrought- 
iron  connecting  bolt,  and  d  the  lagging  planks.  Where  the 
ground  is  of  loose  description,  the  weight  causes  this  drum  to 
tink,  but  if  the  beds  are  more  coherent,  the  bottom  curb  is  pro- 
tided  with  a  cutting  edge,  either  by  bevelling  off  the  inside,  or  by 
Utaching  an  iron  shoe.  Opinions  differ  as  to  the  advisability  of 
employing  cutters  at  all,  it  being  contended  that  they  are  merely 
a  source  cJ  weakness,  as  when  any  eiceptionally  hard  substances 
m  met,  the  tendenty  is  to  turn  the  cutter  outwards,  and  often 
ruptnre  the  dnira.  The  ground  in  the  centre  of  the  shaft  ia  then 
tlowiy  removed,  and  the  cylinder  sinks,  A  man  stands  on  the 
drum  with  a  straight  edge  and  level,  and  gives  directions  aa  to 
fbere  material  is  to  be  excavated  if  one  f>ide  "  hangs  "  behind,  but 
care  is  taken  not  to  remove  any  ground  near  the  curb  for  fear  the 
dnim  should  suddenly  sink,  and  "  cant "  over. 

When  the  di-um  hns  sunk,  say  a  distance  of  3  ft.,  more  brick- 
work and  another  curb  will  be  added  at  the  tup,  and  connected  to 
the  others  by  bolt«  as  before.  Tliia  is  repeated  every  time  the 
drum  sinks  the  certain  specified  distance,  until,  in  the  course  of 
time,  the  solid  ground  is  reached. 

The  great  difficulty  encouutei'ed  in  sinking  by  this  operation  is 
in  keeping  the  drum  truly  vertical.  Constant  supervision  and 
care  must  be  exercised  to  prevent  *'  canting  "  As  a  matter  of  fact, 
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the  drum  never  goes  down  regulftrly,  but  does  so  by  fiU  and  Etarts,, 
sometiineK  falling  through  five  or  six  inches  at  a  time.  With  each  J 
such  movement,  crosa-stafiE  are  placed  od  the  curbs,  and  a  spirit 
level  applied,  to  see  if  the  apparatus  is  horizontal.  If  it  is  not, 
either  a  smaU  quantity  of  ground  in  taken  away  from  beneath  the 
highest  part,  or  additional  weights  are  added  to  the  drum  i 
that  side. 

(6)  Iron  Brums. — The  objection  to  wood  drums  is,  that  they  1 
require  nearly  as  large  an  excavation  as  if  piling  was  employed, 
for  often,  after  getting  down  (lome  distance,  the  whole  structure 
sticks,  and  cannot  be  moved.  A  second  one  has  then  to  be  sunk 
telescope  fashion  inside  the  first.  To  get  over  this,  wrought  or 
cast  iron  drums  are  used,  as  although  they  sometimes  have  to  be 
l^lescopod  one  within  the  other,  comparatively  little  space  is 
lost.  With  cost  iron  ones,  the  circle  is  composed  of  a  certain  i 
number  of  segments,  varying  from  4  to  g  feet  long  by  3  feet  deep, 
strengthened  by  vertical  and  horizontal  ribs,  similar  to  Fig.  115.) 
As  theiie  strangthening  ribs  are  on  the  iiiside,  the  out^daj 
surface  is  smooth,  and  meets  with  little  resistance  in  passing: 
through  the  ground.  The  joints  between  the  difierent  segments  : 
are  made  with  sheet  lead  and  bolts,  and  a  cutting  edge  is  attached  ' 
to  the  bottom  segment.  The  procedure  is  very  similar  to  that . 
with  brick  drums.  They  are  usually  weighted,  and  to  msJce  this  I 
more  easy  to  carry  out,  the  ribs  are  made  broader.  If  sufficient  j 
weight  cannot  be  appUed  by  placing  material  on  these  ribs,  two  1 
sets  of  timber  buntons  are  placed  across  at  right  angles  to  each  ' 
other,  and  a  platform  laid  on  them,  upon  which  any  amount  of  ' 
debris  can  be  placed,  a  passage  being  left  through  the  centre  for 
the  workmen  to  reach  the  bottom  of  the  cylinder. 

On  the  other  hand,  it  often  happens  in  very  wateiy  ground, 
that  the  drum  has  a  tendency  to  sink  boo  fast,  and,  unfortunately, 
not  to  do  this  equally,  but  to  get  lower  on  one  side  than  the  other, 
and  as  this  is  a  pouit  which  it  is  particularly  desirable  to  prevent, 
the  tubbing  is  hung  at  four  points  by  a  chain  and  lowering-screw 
siTangement  from  strong  trans vei-se  beams  at  the  surface. 
Where  such  means  are  employed,  the  tubbing  is  easily  kept 
perpendicular,  as,  even  if  the  sand  is  watery  on  one  side,  or 
boulder -stones  cause  an  obstruction,  it  is  only  necessary  not  to 
let  out  a  screw  on  the  side  which  I'equires  checking.  Instead  of  , 
cast-iron  drums,  which  are  liable  to  break,  owing  to  the  unequal ' 
strain  to  which  they  are  subjected,  wrought  iron  ones  are  some- 
times employed. 

Comparing  the  two  systems,  there  is  httle  doubt  that,  where 
the  thickness  of  ground  to  be  passed  through  is  large,  tlie  iron 
drum  possesses  certain  advantages,  as  by  its  use  a  smaller  excava- 
tion is  neceesary ;  its  sides  do  not  olTer  such  a  resistance  in  passing 
through  the  strata,  and  the  time  of  sinking  is  less,  owing  to  Iba 
ready  way  in  which  the  various  parts  are  put  together  and  added 
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10;  bat  nofortaiiately  it  oft«n  breaks,  which  occasions  months  of 

'  lay,  &iid  increases  tba  cont  oF  sinldog.     This  is  the  oaly  ailvan- 

poesesed  by  wooden  drums ;  instances  ai-e  to  be  found  where 

have  been   pushed  into  an  oval  form,  and  yet  have  not 

lapsed. 

When  the  sinking  has  reached  the  stone-head,  no  matter  what 
■yitem  has  been  used,  the  procedure  afterwiLrdit  is  always  of  a 
fJDiilar  cbara;cter,  The  ground  is  cai-efu]ly  prepared  for  the 
Kkting  of  a  curb  upon  which  the  petmonent  lining  is  brought 
np  to  the  surface  by  one  of  the  methods  to  be  described  further 
on,  all  temporary  timbering  being  removed  a^  the  work  corner 
oiiwards.  As  a  matter  of  fact,  the  lining  ia  usually  carried  a 
aliart  distance  above  the  surface  of  the  surrounding  ground  to 
Mciire  some  ■'  tip "  for  the  debris  which  is  excavated  from  tlie 
nnking. 

KBTHOD  OP  PBOCEEDINa  APTEBWAHDS.— On 
rfHching  the  solid  ground,  excavation  proceeds  with  the  tools  de- 
•^ribed  in  the  previous  chapter,  those  employed  depending  entirely 
on  the  nature  of  the  strata  which  have  to  be  passed  through.  Several 
lilffimltiee  are  encountered  where  machine  drills  are  employed, 
0«Qg  to  the  uneven  nature  of  the  bottom,  the  ordinary  tripod 
nand  is  used  with  difficulty,  taking  from  5  to  to  minutee  to  fix, 
oiiii  then  the  legs  move  during  di-ilHng  if  the  ground  is  soft. 
Ai  no  roof  exists,  the  vertical  stretcher  bur  has  to  be  replaced  by 
1  horiiontal  one.  This  is  not  easy  to  fix,  and  takes  so  much 
time  to  adjust,  that  often,  instead  of  moving  the  bar  and  drilling 
holes  in  the  most  favourable  position  for  blowing,  they  are  put 

down  in  such  places  as  suit  the  drill,  and  consequently  are  not  so 

eUective.  OonsideraUe  time 

is  also  lost  in  raising  drills  Fig  93. 

»nd  bars  out  of  the  way 

when  blasting  takes  place. 
To  obviate  these  disad- 
vantages a  boring  frame  is 

employed  consisting  of   4 

main    stretcher   bars   a   a 

(Fig. 93), hinged  to  acentral 

support,  i/,  and  suspended 

by  a  chain,  0,  and  capstan 

rope.     Each  of  these  bars 

is  provided  witha  lengthen- 
ing screw  and  claw,  so  that 

the  whole  structure  can  be 

readily  clamped  in  position, 

and  as  it  shuts  up  when  not 

iixed  against  the  side  of  the  shaft,  it  is  equally  easily  withdrawn. 
^Jpo  keep  the  atruoture  from  lifting  by  the  impact  of  the  drills 
^Bdban  boring,  four  secondary  arms,  d  d,  are  arranged  near  the 
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top  of  the  frame,  these  hcing  strutte<]  agauiEt  the  Hides  at  a  ftlight 
inclmatioD  upwards.  If  the  drills  are  mounted  ou  irwinging  artas 
(see  Fig.  62)  they  can  be  placed  at  auy  angle  and  damped  in  any 
IKwitiou,  uuii  the  holes  put  in  anywhere. 

Where  drills  are  adopted,  the  general  procedure  is  to  firrt  bore 
all  the  holes  required,  hoist  upthe  frame  and  diille  with  an  engine, 
fire  the  holes  aimultaneouKly,  and  then  load  up  the  debris  until 
the  bottom  ia  clear,  when  the  drills  are  again  lowered  and  fixed, 
and  drilling  recommenced.  In  hard  ground,  probably  only  one  set  of 
holes  will  be  bored  and  blasted  and  the  rock  removed  in  24  hours. 
Another  practice  gaining  ground,  is  to  lower  the  walling  stage 
to  about  8  or  10  feet  from  the  bottom,  wedge  it  there  and  form 
an  artificial  roof,  and  then  use  ordinary  vertical  stretcher  bars. 

Another  method  proposed,  and  indeed,  tried  in  two  instances, 
is  to  start  at  the  surface  and  bore  a  series  of  holes  aoo  or  300  feet 
deep  with  the  aid  of  diamond  drill,  and  fill  them  up  with  sand. 
Bmtiiig  then  commences  by  removing  4  or  5  feet  of  sand  from 
the  holes,  and  firing  them  in  groupie,  this  process  being  repeated 
until  the  bottom  of  the  holes  is  reached,  when  the  driUs  are  again 
introduced,  and  a  fui'ther  distance  bored.  The  Pottsville  sfciail, 
U.S.A.,  wtiB  sunk  in  this  manner,"  25  holes  being  bored  ij  in, 
in  diameter  about  3  ft.  3  in.  apart  in  one  direction,  and  4  ft.  in 
the  other.  The  central  group  of  holes  was  always  fired  first,  and 
the  outside  rows  afterwards.  The  process  was  expeditious,  but 
the  financial  i-esult  does  not  appeur  to  be  satisfactory.  At  Harris 
Navigation  Colliery,  the  same  method  was  tried  for  about  70  yards 
but  abandoned. 

With  the  object  of  providing  support  for  the  curb  carrying  the 
upper  length  of  lining^  when  sinking  recommences,  the  excava- 
tion IS  curried  down   for  about  3  to  5  ft. 
Fi'    04  Imeable  with  the  iikwrfe  of  the  ourb  (a, 

Fig  94),  then  t^horn  back  until  the  diam- 
etei  IS  large  enough  to  take  in  the  per- 
manent lining,  and  aft«rwai'ds  carried 
downwards  this  size,  until  the  stiuta 
require  more  support  than  temponu'y 
timbering  affords.  A  seating  will  then 
be  made  for  a  curb  b,  leaving  a  space  e  in 
the  bottom  of  the  shaft  for  the  collection  of 
'Hater,  &c.,  and  the  walling  built  on  it  up 
to  the  curb  above,  the  ground  a  being 
remo\ed  for  this  purpose,  not  all  at  once, 
but  m  sections. 

Keeping  the  Shaft   Vertical.— This 
is  done  hy  the  aid  of  a  centre  line  which 
ii  either  a  oord  of  special  manufacture  about  |  in.  in  diameter, 
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or  preferably  a  copper  wire,  long  enough  to  reacb  from  the  surface 

to  the  bottom  of  the  shaft  when  completed.     One  end  of  this 

line  is  cN^iled  on  a  small  drum  situated  near 

the  top  of  the  pit,  and  the  other  end  is  led  by 

pulleys  to  the  esact  centre  of  the  shaft.    As 

a  rule,  the  central  point  is  a  hole  bored 

through  a  baulk  of  timber  placed  acroBs  the    y^  ''^ 

nhaft,  but  the  best  plan  is  to  provide  a    ^^m  ■-  ^ 

hinged  arm  (a,  Fig.  95)  built  firmly  into  the      a~^  ] 

maeonry.     When  in  use  this  ia  kept  in  its 

proper  portion  by  the  stop  b,  but  if  not,  it  is 

folded    upwards  into  the  position  shown  by  dotted  lines  at  c. 

After  the  line  has  been  passed  through  the  centre  hole,  a  link  is 

attached,  from  which  a  weight  can  be  huni;.  this  dipfiing  into  a 

bucket  of  water  at  the  bottom,  so  that  the  line  is  stciulied.     As 

soon  as  the  proof  has  been  made  the  weight  ia  removed,  and  the 

cord  wound  up  again  on  the  drum. 

For  determining  whether  suHicient  ground 
is  removed,  the  master-sinker  is  provided 
with  a  "  centre  "  stalf,  which  is  a  wooden 
rod  about  ij  in.  square,  and  ec|ual  in  length 
to  the  outside  radius  of  brickwork.  This  is 
moved  round  the  central  point  as  excava- 
tion continues. 

For  setting  out  the  curbs  exactly  beneath 
each  other  a  series  of  cords  {d,  Fig.  94)  are 
bang  all  round  the  circumference  of  the 
shaft  at  int«rvals  of  about  3  ft.  These  are 
attached  to  the  inside  of  the  upper  curb,  and 
serve,  not  only  to  set  the  curb  below,  but 
ako  as  a  guide  for  the  amount  of  excavation. 
Bv«>7  tlmxl  curb  will  he  checked  by  the  main 
centre  line,  tbe  intermediate  ones  being  set 

^    oat  by  the  side  lines. 

^L      Windiog  Debris. — The  material  exca- 

^ftwted  is  brought  to  the  surface  in  wrought- 

^P^Pon  barrels  called  kibbles,  hoppits,  or  bowks,  the  general  shape 

^   being  shown  in  Fig.  96.     At  the  top  is  a  bow  of  wrought-iron 
ewung  to   tbe  body   by  two    eye-piaces  riveted  to  the 
sides  of  the  kibble.     Attachment  Li  made  to  the  winding  ^'°-  97. 
rope  through  a  spring  hook  (Fig.  97).     With  such  con-    ^\ 
^traction  time  is  lost  at  the  surface,  as  the  full  bowk    ^r 
has  to  be  taken  from  the  rope  and  I'eplac^  by  an  empty      111 
one.     For  this  reason  tbe  tipping  kibble  is  preferred.    Its      IV 
body  is  similarto  the  one  already  figured,  but  the  wrought-    oj\\ 

Sm  bow  is  not  attached  at  the  top  but  at  a  point  below    ^j^ 
9  centre  of  gravity,  so  thiit  when  full,  the  tendency  is 
r  the  kibble  to  turn  over  and  empty  itself.     To  prevent  tiuB 
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Fig.  98. 


happening  during  hoisting,  a  short  vertical  pin  (a,  Fig.  98)  is 

riveted  to  the  inside  of  the  bucket,  and  an  ordinary  chain  link, 

sliding  on  one  of  the  arms  of  the  bow, 
passed  over  it.  On  reaching  the  surface 
this  safety  link  is  lifted  off  the  pin,  when 
the  hoppit  immediately  turns  over  and 
empties  itself.  With  such  a  system  the 
kibble  is  only  removed  from  the  rope  at 
•  the  bottom  of  the  shaft,  one  disconnecting 
being  saved. 

Ck>vering  over  Pit  Top. — This  was 
originally  done  by  means  of  a  travelling 
platform,  which  could  be  wheeled  over  the 
shaft  when  the  kibble  reached  the  surface, 
and  removed  again  when  descent  had  to 
be  made.  The  labour  here  is  considerable, 
and  time  is  lost.  To  get  over  these  draw- 
backs two  hinged  doors,  with  their  weight 
counter-balanced,  are  adopted.  These  when 
open,  form  a  fence  protecting  the  pit  top 
on  two  sides ;  the  other  two  are  guarded 
with  a  permanent  fence.     When  these  are 

down,  they  entirely  close  the  opening,  and  two  rails  on  the  upper 

side  of  each  door  form  a  continuation  of  the  tramway  going  to 

the  dirt  heap. 

Even,  however,  with  these  a  little  time  is  lost  as  each  door  has 

to  be  lifted  separately ;  so,  to  i^emove  this  complaint,  Mr.  Wm. 

Galloway  has  designed  an  arrangement  of  levers  and  counter- 
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balances  (Fig.  99),  by  means  of  which  both  are  opened  at  the 
same  time.  Two  hinges,  a  a,  are  bolted  to  each  door,  and  keyed 
on  cross  shafts,  h  6,  to  which,  by  means  of  a  handle,  c,  and  con- 
necting links,  a  movement  of  rotation  can  be  given,  and  as  the 
hinges  are  fixed  to  the  cross  shafts,  the  doors  lift  when  the  latter 
turn.  The  weight  of  the  doors  is  counterbalanced  by  four 
blocks  of  metal,  d,  so  that  they  will  stand  at  any  position  in 
which  they  are  placed. 

Guides. — ^The  introduction  of  guides  in  sinking  pits  is  desir- 
able to  prevent  the  oscillation  of  the  kibble,  which  gets  especially 
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large  in  deep  undertaldngs,  lioneiderabte  time  being  lost  in  eteady- 
ing  it  before  winding  commences.  Two  methods  ore  adopted, 
in  the  first  a  emgle  guide  rope  b  ptuvsed  liown  the  centre  of  the 
shaft,  wliile  in  the  other  two  ropee^  are  uspi).  In  each  system 
these  gnidee,  whiuh  are  of  flexible  wire,  are  coiled  on  a  drum 
worked  by  a  otpstan  engine  at  the  eurfiiee.  iind  can  be  lengthened 
is  the  .sinkiiig  proceeds,  and  also  foiiu  the  means  by  which  the 
wnlUng  stage  is  raised  during  bricking  operations.  In  the  former, 
however  (t^ee  description,  p.  134),  the  walling  stage  ia  removed 
during  sinking,  and  the  kibble  is  guided  to  the  bottom  of  the 
shaft ;  while  in  the  latter,  one  end  of  each  guide  is  always 
attached  to  the  walliog  etage  which  remains  in  the  shaft  dui-ing 
c-iuking,  and  the  kibble  Ih  only  guided  to  the  point  where  the 
n-alting  stage  is  suspended.  Each  S3'stem  has  its  advantages, 
as  with  one  central  rope  the  kibble  is  guided  all  the  way,  and  if 
a  heavy  weight  be  hung  at  its  lower  end, 
the  centre  line  of  shaft  is  obtained  with-  Kig.  100. 

out  any  further  trouble,  while  in  the  two- 
rope  system  walling  can  proceed  while 
sinking  is  going  on  below,  tbns  saving  con- 
siderahle  time,  an  advantage  not  possessed 
by  the  other  method. 

The  system  of  employing  two  guides. 
was  patented  by  Mr.  Wm.  Galloway  in 
1875,  In  it,  two  wire  ropes  (o  o.  Fig.  roo) 
are  connected  at  their  lower  end  to  the 
wiilling  stage,  and  pass  over  two  pulleys 
oD  the  headgear  to  drums  worked  by  a 
steam  crab,  each  drum  being  able  to  be 
moved  independently,  to  provide  for  any 
casual  irregularity  iu  the  length  of  guides. 
An  iron  fmme,  consisting  of  two  legs  joined 
together  by  a  crosa-bar,  called  the  "  rider," 

cliisps  the  two  guides  loosely  at  four  points,  6  6,  thus  preventing 
any  chance  of  cross-binding.   The 
winding  rope  passes  through  a  Fio.  101. 

hole  ill  the  centre  of  the  rider. 
The  cappingconnecting the  wind- 
ing rope  and  chain  going  to  the 
kibble, is  provided  with  a  buirer,c, 
consisting  of  alternate  layers  of 
indi«-rubberand.sheetiron,whieh 
ore  of  larger  diameter  than  the 
hole  in  the  rider  cross-bar,  and 
therefore  cannot  pass  through  it. 

Eie  kibble  arrives  at  the 
the  balanced  dooi*s  are 
tipping  waggon  (one  for 
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the  sketch  explaining  itself)  run  beneath,  and  the  kibble  emptied 
into  it.  The  waggon  is  then  removed,  the  doors  opened,  and  the 
bucket  and  rider  lowered  away,  until  the  walling  t<ta.ge  is  reached, 
when  the  ainks  of  the  rider  are  caught  hy  two  buffers  on  the  bridle 
chains.  The  kibble  and  winding  rope  continue  their  descent,  passing 
through  the  square  opening  in  the  stage  uatil  the  bottom  of  the 
ehaft  is  reached.  In  ascending,  the  winding  rope  Blides  through 
the  central  opening  iu  the  rider  cross-bar,  until  the  buffer  on  the 
capping  conies  in  contact  with  it.  The  rider  is  then  lifted  to  the 
surface. 

In  sinking  the  Harris  Navigation  shafts,  the  time  occupied  in 
winding,  changing,  &c.,  before  adopting  guides,  was  4  min.  49  sec. 
from  a  depth  of  475  yds.,  whereas  after  the  guides  were  put  in,  the 
time  fell  to  3  niin.  26  sec.  from  a  depth  of  530  yds." 

UHinSQ  SHAFTS. — In  describing  the  operation  of  getting 
down  to  the  stone-head,  both  timber  and  iron  were  alluded  to  as 
being  employed  for  securing  the  sides  of  the  excavation,  only 
as  a  temporary  means.  As  soon  as  this  point  is  reached,  some 
other  method  of  a.  moi'e  permanent  chamcter  is  adopted.  Several 
substances  are  employed  for  permanent  lining  under  ordinary  cir- 
cumstances, such  as  wood,  stone,  or  brickwork,  but  except  in  cases 
where  the  two  former  are  plentiful  and  cheap,  they  are  rarely 
used.  Bricks  ore  plentiful  in  most  colliery  districts,  and  in  the 
great  majority  of  instances  ai-e  adopted.  Sometimes  they  are 
moulded  to  the  shape  of  the  shaft,  and  when  such  is  done  the 
labour  of  laying  them  is  reduced,  and  the  joints  are  well  made, 
but  in  large  shafts,  where  the  curvature  is  small,  ordinary  9  in. 
bricks  are  generally  employed  as  they  are  much  cheaper. 

Bricks. ^ — For  all  mining  purposes,  the  bricks  used  should  be 
good  hard  bui'nt  ones,  and  fi'ee  from  cracks  and  stones.  The  clay 
of  which  they  are  composed,  should  be  rich  in  alumina,  and 
thoroughly  gi-ound  in  a  pug-mill ;  they  should  also  emit  a  ringing 
sound  when  struck.  The  surface  should  not  be  too  smooth,  a 
probable  result  of  over-burning,  or  the  mortar  does  not  readily 
adhere  to  them.  When  made  by  machines  in  which  wires  are  used 
for  cutting  the  blocks  of  clay  ioto  the  required  shape,  the  edges 
are  left  rough  and  this  instead  of  being  a  disadvantage  really 
assists  the  brick  iu  laying  hold  of  the  moi-tar. 

^ViHJtfiei-  of  Bykk»  required. — The  easiest  way  to  find  out  how 
many  bricks  ore  requiied  for  walling,  is  to  cnlculato  the  cubic 
oontenta  of  masonry  foi'  each  yard  in  depth,  and  then  multiply 
by  the  total  depth. 

If  D  =  the  outside  diam.  of  brickwork  in  ft.  and  d  the  inside 
diam.,  (I)*-d')  x  .7854  will  give  the  ai-ea  in  sq.  ft.  of  the  annular 
ring;  this  multiplied  by  3  (number  of  ft.  in  yd.)  and  divided  by  27 
(cub,  feet  in  cub.  yard)  gives  the  number  of  cub,  yards  of  masonry 

•  Inst.  C.  E.  Uiv.  26. 
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for  each  j'ard  of  depth,  or  Eimpler  still,  divide  at  once  by  y  —  9. 
Ordinary  bricks  are  9x4^x3  inches,  so  that  a  cub.  yd.  of  maaoaiy 
would  contain  4  x  8  -k  11  =  384,  if  mortar  was  absent.  Ai  this  occu- 
pies a  certain  space  it  is  usual  to  consider  in  practice  that  1000 
bricks  will  build  3  cubic  yards. 

Hortax.  -  The  mortar  used  is  generally  composed  of  lime  and 
Bknd.  and  should  be  of  a  sUghtly  bydraidic  character.  The  ingre- 
dients whatever  they  may  be,  are  itsuully  minced  in  a  mortar  mill, 
which  not  only  considerably  reduces  the  labour  of  production,  but 
also  the  cost,  as  with  it  all  rough  port^  ai'e  ground  up,  and  no 
refuse  is  left,  as  there  would  otherwise  be  if  ordinary  hand-made 
mortar  was  employed.  Aa  a  substitute  f[>r  sand,  cliiiker-a^hes 
from  underneath  boilei-s  are  largely  employed  with  most  satisfac- 
tory rosults,  as  they  give  ordinaty  lime  somewhat  of  an  hydraidic 
character,  and  the  moi-tar  seta  very  much  quicker  and  harder, 
than  when  sand  is  used.  It  is,  however,  verj'  necessary  that 
these  ashes  should  be  fi'ee  from  the  finer  or  smaller  jiiirts.  As 
they  are  a  waste  product  at  collieries,  considerable  economy  results 
from  their  use.  Where  the  utratii  are  wet,  and  ihe  brickwork  has 
to  retiist  the  passage  of  moisture,  cement  is  often  used,  either  b}- 
itself,  or  mixed  and  ground  up  with  lime.  Where  cement  is 
adopted,  it  should  be  used  as  quickly  as  it  is  made,  if  not,  it 
partially  sets,  and  has  to  be  broken  up,  and  made  over  again.  Thus, 
not  only  is  time  lost,  but  the  cement  sets  neither  so  well  nor  so 
quickly  on  the  second  operation,  and  the  strength  is  materially 
reduced. 

Whatever  quality  of  mortar  is  employed,  too  much  must  not 
be  used,  aa  it  is  not  so  good  for  resisting  pressure  or  the  pnssage 
of  water  as  a  brick.  The  proper  thing  to  do  is  to  lay  a  i)ed  of 
mortar,  and  not  plax:e  the  brick  in  its  proper  position,  but  drop  it 
down  a  few  inches  away,  and  then  rub  it  towards  the  place  at 
which  it  is  to  be  fixed.  When  the  bricks  are  of  a  close-grained 
character  they  absorb  moisture  so  quickly  from  the  mortar,  that 
the  mlstui'e  dries  before  it  is  properly  set,  BO,  to  prevent  this,  it  is 
usoal  befoi-e  laying  such  bricks  to  soak  them  in  water. 

ThickneBB  of  Brickwork. — The  thickness  of  walling  depends 
eutirely  on  the  diameter  of  the  shuft  and  the  nature  of  the 
strata.     If  it  is  coherent  rock  a  single  brick  is  used,  more  .is 

,    B    preventive   of  weathering  action  than  as  an  actual  support. 

ESn  looser  ground,  brickwork  from  14  to  33  in.  thick  \&  put  in. 

'opinions  did'er  as  to  whether  brickwork  in  shafts  shoidd  be 
made  solid,  that  is  to  say,  whether  it  should  be  carried  up  to 
the  limits  of  the  excavation,  or  whether  it  should  be  finished 
off  at  a  certain  distance,  and  some  looser  substance  interposwl 
between  it  and  the  strata.  The  author's  experience  is  decidedly 
in  favour  of  the  latter.     Where  the  brickwork  is  made  to  abut 

baguinst  the  rocks,  and  heaving  takes  place,  it  is  either  \>\>\ 
'[woken,  hut  if,  on  the  other  hand,  some  soft  packing  subatauce 
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i:>  iiiterpoeed  between  the  sides  of  tbe  I'ock  and  the 
ill  the  shaft,  the  first  result  of  pressure  is  Ut  compKss  tod 
tighten  this  IiKise  material.  If  any  heaTing  takes  place  U 
one  point,  all  the  pressure  is  not  thrown  on  the  brickwork 
opposite  to  it,  but,  owing  to  the  soft  compressible  stuff  baiufi 
interposed  between,  ia  distributed  over  a  larger  extent  of  surfice. 
At  the  same  time,  it  should  be  pointed  out  thnt  no  spaces  w 
cavities  should  be  left  between  the  brickwork  and  the  sideg  of  (be 
shaft,  but  every  opening  carefully  filled  in  with  loose,  fine 
njatei-ial.  Coke  dust  or  well-burnt  small  aehes  ure  esceJlent  foe 
such  use,  and  often  the  small  dust  from  stone- breaking  macbinK, 
where  suili  ciin  be  obtained,  is  employed.  Sand  is  too  tieavj  fa 
shaft  work. 

Ordinary  Curbs. — The  brickwork  is  put  in  in  sectiong,  tttti 
length  being  supported  on  curbs.  Wooden  curbs  are  genenll; 
employed,  similar  to  those  already  described,  but  as  they  de«7 
somewhat  readily,  cast  iron  ones  are  often  substituted,  A  enrt 
of  this  material  employed  in  a  shaft  19  ft.  diom.  is  shown  io 

t'l.i.  1&2.  Fio.  loj. 


Fig.  loi.  It  is  join,  broad  by  4  in.  wide  by  J  in.  thick.  Tenseg- 
ments  form  the  circle,  and  each  one  is  tttrengthened  by  two  rib 
Two  hoie.s  are  left  in  the  transverse  ribs  at  each  end,  through 
which  bolts  ai*  passed  to  connect  the  segments  together. 

Water  Bings. — If  the  strata  are  at  all  wet,  more  or  less  moisture 
always  [}ercolates  through  the  masonry,  and  is  collected  in  what 
are  uiiled  "  water  rings  "  or  "  garland  curbs,"  from  whence  it  i» 
conducted  down  the  rtiaft  in  tubes.  The  oidinary  constnictiw 
of  water  ring  consists  of  an  iivn  curb  cast  with  a  hollow  groove. 
These  are  bedded  as  usual,  but  the  brickwork  for  a  short  distance 
above,  is  shorn  back  (Fig.  103),  so  that  the  water  readDy  paean 
into  the  giiiove. 

A  superior  coiistruction  for  larger  quantities  of  water  is  illus- 
trated in  Figs.  104  and  105.  For  n  few  courses  the  brickworkie 
madeisolid,  and  an  ordinary  cuib  a  fixed  in  position.  All  the 
joints  in  the  curb  and  between  it  and  the  brickwork  are  made 
with  tiirred  flannel,  and  the  space  behind  the  curb  is  well  rammed 
with  puddled  clay.  Two  courses  of  brickwork  b  are  laid,  but  are 
set  back  from  the  rest  of  the  woi'k  as  figured.     A  shrouding,  e. 


TEXT-BOOK    OF   COAL- MINING.  * 

this  ii'oii  fiume.  The  lower  frame  oonsista  of  four 
angle-iron,  d'  d',  crossing  each  other  at  right  a 
band  of  [uigle-ux>n  io  three  segments,  ttad  a,  sti-aiglit  pieoS  ^ 
angle  iron  joined  to  the  short  eodis  of  d^  and  to  the  ends  of 
the  cii^cular  frame  as  illustrated.  The  object  of  the  latter 
piece  is  to  eiMible  the  hinged  door,  h,  to  be  placed  iti  the  part 
forming  the  umallor  segment  of  the  circle.  When  the  stage 
is  taken  past  the  pipe  buntons  the  door  is  raised  up.  Four 
upright  pieces  of  angle  iron  connect  the  uppei'  frame  and  the 
lower  one,  and  four  plates  of  sheet-iron,  attached  to  the  four 
uprights,  form  the  fence  around  the  central  opening  iu  the  etnge. 
The  roof  is  lo  ft,  6  in.  above  the  stage  proper.  It  i-s  formed 
similar  to  the  floor,  bat  is  of  rather  smaller  diameter,  and  is 
covered  with  sheet-iron.  An  iron  ladder,  jii,  provide:<  a  means  of 
access  from  one  stage  to  the  other.  The  whole  structure  weighs 
about  five  tons,  and  is  suspended  from  the  guide  ropes,  n  n,  which 
are  5  ft.  6  in.  apart  from  centre  to  centre.  In  the  No.  3  shaft 
the  details  have  been  altered  somewhat,  two  openings  being  pro- 
vided, ns  two  kibbles  are  employed  for  winding  purposes.  In  this 
instance,  suspension  is  made  bj  two  ropes,  which  serve  the  pur- 
pose of  four  guides,  by  the  following  attachment;  The  end  of 
eaeft  suspension  rope  is  attached  to  a  strong  screw  in  the  pit-head 
pulley,  and  passes  downwards  to  the  walling  stage,  then  round  a 
small  pulley  fixed  on  it,  pi'oceeds  a  short  distance  across  the  stage, 
round  another  pulley  similar  to  the  first,  then  vertically  up  the 
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shaft,  and   over  another  pulley  on  the  pit-bead   frame,  finally 
going  to  the  drum   of  the 
Fig.  loS.  capstan  engine. 

I  A  model  of  a  similar  ftppli- 

ance  was  exhibited  by  the 
Koche  la  HoliSre  Company 
at  the  Paris  Exhibition.  It 
consisted  of  an  iron  ring  from 
25  to  39  in.  deep  (a.  Fig.  108) 
of  the  esact  diameter  of  the 
finished  shaft,  suspended  from 
bridle  chidns,  A  similar  ring 
was  hung  about  10  ft.  below, 
and  the  two  connected  to- 
gether by  a  series  of  iron 
roilri.  These  two  rings  sup- 
port two  scaBblds,  on  the 
upper  one  of  which  the  men 
stjind  to  do  the  bricking. 
J/  The  bricks,  kc,  are  placed 
luiid  in  contact  with  the 
upper    ring,    the    platform 

slowly  raised,  and  another  tier  of  ma&onry  placed    in  position. 
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In  this  way,  the  time  usually  spent  in  measuring  the  diameter 
and  aecertaining  the  verticality  of  the  shaft  is  saved,  the  top 
ling  being  kept  a  few  courses  above  the  brickwork  to  give  a 
^de  to  the  masoos,  the  object  of  the  two  rings  evidently  being  to 
keep  the  scaffold  in  a  vertical  line.  Where  the  spaces  between  the 
masonry  and  the  sides  of  the  shaft  are  to  be  filled  in  with  cement, 
te.,  deeper  rings  are  employed,  so  that  more  of  their  height 
might  be  left  below  as  a  suppoi't  until  the  cement  eets. 

SupportlBg  Cnrba. — It  often  happens  that  when  the  sinking 
is  passing  through  rotten  ground,  lengths  of  walhug  are  required 
^  be  put  in  to  scciii'e  the  aides,  but  suitable  places  cannot  be 
fonnd  on  which  to  seat  the  curbs.  In  such  cases  the  difficulty 
i.s  gui  over  by  one  of  two  methods,  either  by  putting  in  what  are 
Palled  "  square  frames,"  or  by  supporting  the  curb  on  a  series 
of  iron  plugs  driven  in  all  round  the  cireumference  of  the  shaft. 

A  square  frame,  with  its  sides  equal  to  the  dianieter  of  the 
sbft,  is  placed  at  the  point  where  the  walling  is  to  commence, 
^i  as  the  comers  of  this  frame  project  a  considerable  distance 
l>B}'ondthe  drcumferencaof  thepit(^g.  1Q9),  sufficient  support  is 

h  Figs.  log,  no,  akd  in. 


aSordbd  to  the  curb.  In  large  shafts  the  amount  of  ground  to  be 
excavated  for  a  square,  having  its  sides  equal  to  the  diameter  of 
the  pit,  would  be  so  great  that  the  cu.it  would  be  a  serious  matter, 
so  to  remove  the  difficulty,  and  yet  obtain  some  support,  the 
square  is  replaced  by  an  octagon  (Fig.  1 10). 

The  better  method  is  to  bore  a  series  of  holes,  2  in,  dinm.  and  3 
to  4  ft.  apart,  around  the  circumference  of  the  pit,  to  a  depth  of 
3  to  4  ft.,  depending  on  the  strength  of  the  ground.  These  must 
be  on  n  truly  horizontal  plane,  and  wrought-iron  or  steel  plugs 
are  firmly  driven  into  them,  leaving  a  projecting  portion  upon 
which  the  curb  is  bedded  (Fig  1 1 1 ). 

Tentilatioii. — This  is  usually  done  by  laying  a  line  of  sheetr 
iron  pipes  from  15  to  lo  in.  diam.  down  the  side  of  the  shaft,  and 
connecting  them  with  a  small  blowing  fan  at  the  surface.  The.se 
pipes  are  held  in  position  by  dog-hooks  driven  firmly  into  th« 
masonry. 

Iiighting. — In  districts  liable  to  sudden  outbursts  of  gHS,  the 
same  precautions  have  to  be  adopted  in  sinking  as  in  ordinary  work- 
ing, and  safety  lamps  are  employed,  but  these  give  a  very  imper- 
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feet  light  in  a  downwards  direction,  where  the  sinker  wonts  it  most 
particularly.  Of  l&ter  yeaen  the  electric  li^ht  has  been  employed, 
with  most  satisfactory  results,  as,  owing  to  the  clear  light  given, 
the  men  do  a  great  deal  more  work.  A  cluster  of  inuaadescent 
lamps,  protected  by  a  glass  globe,  ia  generally  employed,  this 
being  suspended  from  a  cable,  which  is  wound  on  a  drum  at  the 
surface,  and  which  gives  a  ready  means  of  raising  or  lowering  the 
lamps,  either  to  give  more  ligbt,  or  to  remove  them  out  of  danger 
when  shots  are  being  fired. 

Dealing  with  Water. — The  presence  of  a  small  amount  of 
water  largely  increases  the  coat  of  sinking.  A  small  quantity  is 
got  rid  of  by  baling  with  a  bucket  into  s  tipping  bari-el,  similar  to 
the  tipping  kibble,  and  then  winding  it  to  the  surface.  This  is  a 
very  slow  and  costly  procedure,  and  where  the  quantity  ia  at  all 
large,  one  of  the  different  classes  of  pumps  will  have  to  be  employed. 
These  are  de^friljed  in  tiio  chapter  on  pumping. 

To  save  the  time  and  cost  of  baling, 
Mr.  Galloway  has  designed  a  pneumatic 
water  tank,  which  consists  of  a  cylin- 
drical barrel,  4  ft.  2  in.  diam.  and  b  ft. 
high,  closed  at  the  top  in  which  there 
is  a  door  {«,  Fig.  112)  bolted  to  the  cover, 
this  giving  access  to  the  interior  when 
necessary;  the  bottom,  c  rf,  is  5  in.  above 
tlie  base  of  the  cylinder,  and  has  a  central 
oi>ening  iSin.diam.for  the  valve  seat  which 
is  turned  in  a  lathe.  The  valve  b  consists 
of  a  block  of  cast  iron,  e(Fig.  113),  having 
its  lower  face  turned  true,  and  over  whicha 
sheet  of  leather  is  tightly  capped.  A  cir- 
cular plate  of  iron,  i5in.  diam.,  is  bolted  to 
this  valve,  by  bolts  having  countersunk 
heads,  as  shown  in  Fig.  113,  A  spindle, 
A,  working  through  two  guides,  having  a 
turned  ball  in  its  lower  end,  is  held  loosely 
ia  a  socket  in  the  valve,  as  shown,  by 
which  means  the  vertical  movement  of  the 
valve  is  secured,  while  the  ball-and-socket 
joint  enables  it  to  readily  accommodate 
itself  to  the  seat  in  any  position  in  which 
it  may  be  turned, 
At  A  ia  one  half  of  an  instantaneous  coupling,  supplied  by  the 
Vacuum  Brake  Co.,  constituting  the  outer  end  of  the  pipe  I,  which 
posses  through  the  side  of  the  cylinder,  and  rises  to  withm  1  in. 
of  the  top  of  the  barrel,  A  glass  gauge,  m,  shows  the  height 
of  water  in  the  tank,  this  being  protected  from  chance  blows  by 
strong  ribs  of  angle  iron. 

Vacuum  is  created  by  air  pumps  at  the  surface,  and  is  equiva- 
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!.?nt  to  20-22  in.  of  mercuiy ;  3  in,  pipes  are  cametl  ilnwn  the  pit 
.md  coDnected  to  30  ft.  of  flexible  boee,  havinc  a  stop-cock  and  a 
I  orrespondiDg  half  of  an  instantaneotia  coupling.  The  barrel  ia 
tilled  in  30  seconds.  It  was  pot^ible  with  this  arrangemeiit  to 
sink  in  Feniuuit  sandstone,  with  5000  galls,  per  hour,  at  the  mto 
of  5~5j  yds.  per  veek,  or  with  7000  galls,  rather  under  4  yds., 
the  rock  being  very  hard  and  coinpuct.  The  highest  rate  of 
progress  in  the  same  ground  with  only  500  galls,  per  hour  had 
previously  been  61  yds.* 

KBEVINQ  OUT  WATER  BY  TTJBBINO-.— Ordinary 
masonry  is  of  Kttle  use  for  stopping  buck  water,  if  the  nieoaurea 
coubiiiu  large  quantities,  and  it  is  desired  that  this  should  not 
have  to  be  continiiuUy  dealt  with.  As  a  rule,  it  happens  that 
water-bearing  beds  are  usually  succeeded  by  others  of  an  imper- 
viouii  nature,  so  that  if  there  can  be  introduced  at  such  point  some 
water-light  material,  the  water  ia  prevented  from  coming  into  the 
pit.  Such  lining  is  called  tubbing.  The  material  employed  majr 
be  either  wood,  ca£t-iron,  or  masonry ;  the  former,  however,  is  ' 
seldom  employed  at  the  pi«sent  time.  Its  up-keep  is  great,  it  is 
scarcely  ever  water-tight,  and  its  only  recommendation  is  cheap- 
neea  in  first  cost,  where  wood  is  plentif  uL 

Coftering.^ Where  the  pressure  is  not  excessive,  a  special  set- 
ting of  masonry,  technically  called  "  colTering,"  is  largely  employed. 
It  is  cheaper  than  cast-iron,  and  where  properly  put  in  is  veiy 
successful.  The  following  is  a  description  of  what  is  pi'obably  the 
lATgest  application  of  this  method,  the  nliaft  being  20  ft.  djam.  in 
the  clear,  the  cofiering  extending  about  55  yds.  (from  a  depth  of 
105  yds.  to  50  yds.  below  the  surface). 

After  passing  through  the  water-bearing  beds,  the  shaft  was 
sunk  20  yds.  below  the  point  where  the  laat  feeder  was  met,  and 
a  cast'ii-on  curb  put  in,  and  supported  on  iron  plugs.  Upon  this, 
ubont  26  yds.  of  14  in.  brickwork  was  built,  and  then  the  walling 
wwscarri^np  solid  for  12  ft.,  until  the  water-bearing  strata  were 
met  with.  The  object  of  doing  this  was  to  provide  some  substantial 
support  for  the  cofiering,  and  to  prevent  any  risk  of  the  masonry 
settling  and  cracking.  It  was  deci<led  to  put  in  the  cofiering  2  ft. 
J  in.  thick.  Some  meitns  have  to  be  adopted  to  cairy  ofl'  the 
water  running  from  the  rocks,  and  to  prevent  it  passing  over  the 
brickwork  and  washing  the  mortar  joints  away.  To  do  this,  what 
called  "plug  boxes"  were  bedded  on  the  solid  work.  Six  of 
lAbeee  were  placed  at  equal  intervals  around  the  cii'oumference,  and 
'ere  formed  of  wood,  12  in.  square  by  2  ft.  9  in.  long,  having  a  hole 
^  diam.  bored  along  their  longer  axis  to  within  2  in.  of  the 
hack  (a.  Fig.  j  14),  and  than  a  vertical  hole,  i,  bored  from  the  top 
to  meet  the  horiitontal  one.  In  this  latter,  vertical  wooden  pipes 
b&ving  htouontal  openings  were  carried  up  behind  the  bnokwork, 

•  60.  Wales  InKt.  xvi.  119. 
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auit  allowed  the  water  to  pass  away  through  the  openings  in  the 
plug-boxes.  The  holes  in  the  water  troughs  were  hored  at  vertical 
intervals  of  3  in.  As  the  brickwork  and  puddle  reached  each  hole 
it  WM  plugged  up  and  the  waterconveyed  away  through  the  next 
higher  one.  The  solid  walling 
was  then  brought  up  level  with 
the  top  of  theplug-hoxesand  the 
coffering  commenced. 

This  consisted  of  five  rings  of 
brickwork,  the  spot'ial  feature  of 
this  system  being  that  the  joints 
are  broken  both  vertically  and 
horiwmtally.  Header  courses  are 
not  employed,  stret^'hers  only 
being  used.  To  commence  with, 
thefiretring,c,isof  ordinary  brick 
3  in.  thick,  the  necond  ring,  d,  for 
the^st  course  is  laid  with  bricks 
il  in.  thick,  the  third  and  fifth 
rings,  e  and  g,  are  similar  to  the 
first  one,  while  the  fourth  ring, 
/,  for  the  first  course  is  also  made 
with  ij  in.  bricks;  afterwards,  ordinaiy  bricks,  3  in.  thick,  are 
used  in  all  the  rings,  so  that  the  hoi'izontal  joints  of  the  second 
and  fourth  courses  throughout  the  work  are  the  thickness  of 
half  a  brick  below  the  others.  The  method  of  laj-ing  the  bric^ 
is  the  usual  one  for  the  first,  third,  and  fifth  conraes,  and  when 
these  are  in  position,  the  spaces  between  are  filled  with  thin  hquid 
cement,  and  the  second  and  fourth  rows  are  laid  by  dropping  the 
bricks  into  the  mixture  reposing  in  the  gullet,  these  being  what 
are  called  "  floating  courses." 

After  getting  up  about  12  or  18  in.  the  space  between  the  back 
of  the  brickwork  and  the  strata  is  filled  in  with  good  loamy  soil. 
which  should  be  free  from  pebbles  and  should  be  well  and  care- 
fully rammed,  no  spaces  beuig  left.  Instead  of  soil,  well  puddled 
clay  is  sometimes  used,  but  experience  is  moi-e  in  favour  of  the 
former.  With  clay,  no  matter  how  careftilly  the  work  is  dona, 
there  is  a  tendency  for  "  faces"  to  be  formed  between  succesfflVB 
layers  and  lumps,  through  which  water  finds  its  way.  The 
mortar  used  for  laying  the  first,  third,  and  fifth  rings  was  a 
mixture  of  lime,  cement,  and  ashes  well  ground  in  a  mortar  mill ; 
for  the  intermediate  rings,  pure  Portland  cement  was  employed. 

Iron  Tubbing. — Where  the  press\u'e  of  the  water  is  great, 
and  long  lengths  have  to  be  put  in,  masonry  tubbing  L'^  not  appli- 
cable ;  indeed  every  form  hag  given  way  to  that  in  which  OBBt-iriHi 
is  employed.  At  one  timi.  rings  going  completely  round  the 
cii-cumferenee  of  the  shaft  were  employed,  but  the  difficulty  of 
getting  them  into  position,  and  their  liability  to  break,  together 
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vithibe  impossibility  of  repairing  them,  caused  an  early  abandon- 
ment of  this  form,  and  the  use  of  segments  has  now  become  general. 
At  first  the  flanges  were  placed  towards  the  centre  of  the  pit, 
oad  the  attachment  of  one  to  the  other  was  made  by  mcAns  of 
bolts,  but  in  consequence  of  the  lowering  of  the  ground,  and  the 
effect  of  side  pressure,  it  was  found  that  bolts  were  not  to  be 
trusted,  and  that  frequent  ruptures  took  place.  In  England  this 
method  bos  given  way  to  the  system  in  which  the  flanges  are  placed 
away  from  the  centre  of  the  pit,  it  being  found  that  the  pressure 
of  the  sides  and  the  wedging  which  is  adopted,  is  suilicient  to 
retain  the  segments  in  position,  and  to  keep  the  joints  watertight. 
The  authorwas  suiprised  to  iind  ou  a  visit  (in  1 89 1 )  to  the  Oontinent , 
that  the  old  astern  of  placing  the  flanges  towards  the  inside  of 
the  shaft  was  still  in  use  there.  The  eogineei-s  at  the  different 
collieries  risited  contended  that  no  reliance  could  be  placed  on 
wooden  wedging,  as  it  is  always  decaying,  and  that  although  some 
little  difficulty  is  encountered  through  movementa  of  the  ground, 
these  are  counterbalanced  by  the  more  perfect  wateitightness  of 
the  tubbing.  In  this  method  the  flanges,  both  homontal  and 
vertical,  are  planed  in  a  lathe,  and  two  V  grooves  cut  in  them.  A 
layer  of  sheetrlead  is  then  interposed,  and  the  two  segments 
fcrewed  tightly  together  by  means  of  turned  bolts,  the  pressure 
forcing  the  lead  into  the  V  grooves  already  alluded  to. 

The   method  of  putting  in  the   work  is  the   same  whatever 

-;  :-iem  ifl   adopted.      After  getting  through  the  water-bearing 

^irata,  and  reaching  some  impervious  lieds,  a  bed  is  first  formed 

ou  which  the  wedging  curb  can  be  placed.     This  is  dressed  truly 

I      level  with  the  aid  of  hammer  and  chisels,  blasting  being  strictly 

I      lotbidden,  so  as  to  obviate  any  possibility  of  fracturing  the  rock. 

I      This  is  the  keystone  of  the  whole  operation,  and  requires  the 

I      greateflt  cate.     Formerly  wedging  curbs  were  constructed  of  oak, 

I      bat  this  has  been  abandoned  in  favour  of  cast  iron.     They  are 

'      built  np   of  segments  which,  in  the  case  of  upcast  shafts  and 

I      funiace  ventilation,  are  sometimes  of  smaller  diameter  than  the 

tubbing  plates,  the  projecting  portion  being  afterwards  used  aa  a 

loiindation  on  which  a  lining  of  brickwork  can  be  built.     For  an 

I  important  undertaking  they  would  be  about  18  in.  wide  by  6  in. 
lieep,  and  are  cast  hollow  to  lessen  the  weight.  The  segments  of 
the  curb  are  set  in  position  on  the  bed  prepared,  and  half-inch 
■beeting  of  soft  deal  placed  in  the  joints  in  such  a  manner,  in  this 
I  Bud  other  coses,  that  the  end  of  the  grain  of  the  wood  is  presented 
to  the  inner  part  of  the  shaft  where  wedging  tjikes  place.  The 
inportant  operation  of  wedging  the  curb  is  then  commenced.  All 
I  Abound  the  circumference,  in  the  space  between  it  and  the  sides  of 
tbe  abaft,  is  placed  well-dried  timber,  free  from  knoLi,  with  the 
pain  upwards.  As  many  well-dried,  finely -tapered,  pitch-pine 
'edges  as  possible  are  then  diiven  in,  care  being  taken  that  this 
I      operation  proceeds  all  round  the  shaft  at  the  same  time  in  order 
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to  diHtributfl  the  pressure,  and  prevent  auy  change  of  the  a 
being  displaced  ;  props  are  al.w  set  from  the  sides  over  each  joint 
to  keep  the  curb  from  lifting.  When  no  more  timber  wedges  can 
be  got  in,Bteet  chiselHare  employed,  and,  in  the  spaces  they  make, 
further  wood  is  iiisei-t«d,  A  second  wedging  curb  is  usually 
placed  above  the  lirst,  and  sometimes  a  third  one.  The  top  one  of 
these  always  has  n  I'ebat*  or  ledge  placed  on  it,  ngainat  which  the 
segments  of  the  curb  abut. 

Tubbing  pliites  (Fig.  r  15)  are  cast  in  segments  of  aach  a  length 
that  the  circumference  is  divided  into  equal  parts,  their  height 

Fig.  lis- 
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varying  from  18  to  36  in.,  according  to  the  pressure  to  be  resisted. 
Flanges,  cross-ribs,  and  bracket*  are  cast  on  the  back  to  give 
strength,  and  a  hole  is  provided  in  the  middle  of  each  to  allow 
water  to  pass  through  while  the  operation  of  laying  the  plates  ia 
pi-oceeding.  The  top  and  one  of  the  side  flanges  are  provided  on 
the  outeide  with  a  projecting  ledge,  which  keeps  the  joint  sheeting 
and  adjoining  segments  in  position. 

When  the  wedging  is  finished,  the  firet  layer  of  tubbing  plates 
will  be  laid  on  the  curb,  sheeting  being  placed  between  both 
honnontal  and  vertical  joints,  and  a  wedge  tightly  driven  down 
between  the  back  of  the  plat#s  and  the  sides  of  the  strata  as  a 
preventive  against  any  of  the  segments  moving  A  second 
layer  of  segments  is  then  laid  on  the  first  in  a  simUar  manner, 
cuid  the  process  repeated  until  the  top  of  the  water-bearine  strati 
is  reached,  the  verUcal  joints  bemg  broken  in  each  course,  as  in 
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bnildiog  masonry  (Figa.  ii6  and  117).  The  spaces  between  ihe 
plates  and  the  sides  of  the  excavation  nm  filled  in  with  soil  or 
concrete  packing.  A  wedging  curb  will  be  placed  on  the  top  if 
it  is  found  that  the  water  rises  above  the  level  of  the  last  line  of 
plates.  All  the  horizontal  ajid 
veirticnl  joints  are  then  care- 
fnlly  wedged,  ua  long  as  the 
grain  of  the  wood  between  the 
joints  can  be  opened  with  a 
cbisel,  commencing  at  the  bot- 
tom and  proceeding  upwards, 
attacking  each  ring  in  order, 
«nd  plagging  up  the  hole 
through  the  centre  of  each 
segment  at  the  same  time.  If  j 
this  operation  is  carefully  per- 
formed it  will  be  found  that 
the  length  tubbed  will  be  quite 
dry. 

In  many  instances  much  time 
and  money  is  saved  by  not  wuit- 
ing  until  the  bottom  of  the 
water-bearing  beds  is  reached, 
but  putting  in  wedging  curbs  at  intermediate  places  and  bnilding 
tubbing  up  from  one  to  the  other,  successive  feeders  of  water  met 
with  being  thus  kept  out  of  the  shaft.  Of  course,  for  the  success 
of  this  operntion,  it  is  necessoiy  that  the  nature  of  the  beds  met 
with  is  such  as  affords  foundation  for  the  curbs,  but  although  each 
wedging  curb  may  not  be  water-tight  during  the  time  of  sinking, 
yet  when  the  pressure  of  the  lower  length  of  tubbing  is  brought  up 
against  it  such  leakage  may  be  altogether  or  nearly  stopped,  and, 
although  each  foundation  may  be  bad  by  itself,  yet  when  they  are 
brought  to  bear  in  support  of  each  other,  the  water  may  be  stopped 
back.  In  the  Seaham  winning*  ten  successive  lengths  of  tubbing 
were  thus  put  in,  and,  although  the  total  quantity  of  water  which 
theengineers  bad  to  contend  with  at  different  periods  of  the  opera- 
lion  was  6240  galls.,  yet  never  more  than  54.0  galls,  per  minute 
WAS  actually  in  the  pit  bottom,  this  being  the  maximum 
amount,  the  average  quantity  being  136  galls.  The  total  amount 
of  wster  tubbed  back  was  4SS0  galls,  per  minute,  which  would 
have  been  the  quantity  required  to  have  been  raised  or  pumped 
to  the  Eurface,if  intermediate  wedging  curbs  had  not  been  inserted. 
After  reaching  an  excellent  foundation  in  the  coal  measures,  three 
iDiun  wedging  curbs  were  put  in  as  the  base  of  the  iion  tubbing, 
&od  the  sinking  through  the  coal  measures  commenced  without  & 
i.  drop  of  wat«r  in  the  bottom. 
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Messrs,  J.  J.  Atkinson  and  W.CouIgon*  werethefirst  topnintoot 
the  curious  accideate  which  happen  to  tuhbing  fixed  between  an 
upper  and  lower  wedging  curb  through  the  confinement  of  wat«r 
iiad^ru.  It  has  never  yet  been  satisfactorily  explained,  how  nir  and 
gas  confined  behind  tubbing  can  have  agreater  pressure  than  that 
doe  to  the  hydrostatic  head,  but  it  is  a  fact  that  euch  is  so, 
and  unless  some  escape  is  provided,  no  matter  hon  thick  the 
tubbing  is,  the  inevitable  result  will  be  that  it  becomes  cracked  or 
displaced  from  its  seating.  To  prevent  such  occurrences,  either 
the  water  behind  each  lift  is  connected  with  the  water  behind  the 
other  lifts,  by  means  of  small  pipes,  and  thus,  in  effect,  rendering 
the  whole  of  the  tubbing  open-topped  through  the  medium  of  the 
uppermost  lift,  or  a  pipe  is  carried  up  from  behind  the  tubbing  to 
the  height  necessary  to  balance  the  pressure  of  water.  As  this 
taken  up  a  large  quantity  of  pipes,  a,  short  length  is  sometimes 
inserted  through  the  tubbing  near  the  top  of  the  lift,  and  only 
extended  a  small  distance  up  the  shaft,  but  a  loaded  valve  is  pro- 
vided at  the  top,  where  all  the  pressure  of  the  wat«r  is.  This 
valve  discharges  the  air  and  prevents  the  pressure 
Fir.    iiS        getting  higher  than  ia  due  to  the  water  alone. 

Tlie  more  general  practice  is  to  place  a  valve 
a.  Fig.  1 1 8,  in  the  wedging  curb,  and  to  cany  a 
length  of  pipes  b  behind  the  tubbiug  to  the  next 
wedging  curb.  After  the  tubbing  has  been  wedged 
and  plugged,  the  water  rises  and  drives  out  all 
the  air.  \\'hen  water  has  been  running  through 
the  pipe  for  some  hours  the  valve  a  is  closed. 

Strength  of  Tubbing.— The  thickness  of  cast- 
iron  tubbing  varies  directly  with  the  pressure  it 
)ias  to  support  and  the  diameter  of  the  shaft.  As 
the  pressure  als&  varies  ns  the  depth,  if  the  diameter 
and  the  depth  ore  both  doubled,  the  thickness  of  the  tubbing  will 
have  to  !«  inci-eosed  four  times.  Mr.  J.  J.  Atkinsont  gives  a 
complete  reasoning  for  the  following  formula,  from  which  the 
thickness  at  any  depth  can  be  found  : 


^  won 

K  Ben 

■  wiU 

■  of  D 


where  f  equals  thickness  in  inches,  d  equals  the  diam.  in  ft.,  p 
equals  the  presau  re  in  tons  per  sq.  inch  due  to  depth,  m  equals  the 
working  load  or  resistance  to  crushing  of  the  material  employed. 
Bemembering  thnt  a  cub.  ft,  of  water  weighs  62.5  lbs.  12  cub  in 
will  weigh  0.434  lbs,,  so  thnt  for  every  foot  of  depth  'a  preBsiiie 
of  0.434  lbs.  per  sq.    in.  ia  exerted.     To  obtain,  therefore,  the 
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presgnre  per  sq.  inch  due  to  any  head  of  water,  the  depth  from 
the  surface  in  feet  is  multiplied  by  0,434.  The  resistance  of  cast- 
iroa  to  crushing  (average  of  various  qualities)  ie  about  90,000  lbs. 
per  sq.  in.,  but  to  be  on  the  safe  side,  |th  of  this  amount 
^15,000  lbs.)  ia  taken  as  the  working  load,  and  should  be  sub- 
stituted as  the  value  of  m  in  the  formula  given  above.  To  the 
thickness  so  found,  |  inch  should  be  added  to  allow  for  corrosion 
of  metal  and  wear  and  tear. 

In  shafts  of  large  diameters  the  thickness  of  the  upper  segmentB 
should  never  be  less  than  |  inch,  or  they  are  liable  to  be  fractured 
by  blows.  In  the  above  formula  notice  is  not  taken  of  the 
strength  imparted  by  flanges  and  ribs,  which  will  give  additional 
aeccirity.  Theoi'etically  each  segment  should  be  different  in 
thickness  to  the  others,  but  as  this  would  involve  consider- 
able expense  in  casting,  the  thickness  is  varied  about  every  8  or 
10  yards. 

CorcoBioii. — Certain  substances  contained  in  solution  in  water 
have  a  very  injurious  effect  on  iron,  saline  matters  and  chlorides 
being  especially  destructive.  No  satisfactory  means  have  yet  been 
devised  for  stopping  such  action,  the  best  preventive,  probably, 
being  a  coating  of  a  hard  varnish  applied  before  the  tubbing  is 
seated.  The  front  of  the  segments  in  upcast  pits,  where  furnace 
ventilation  is  employed,  is  al^o  attacked  by  the  gases  generated 
by  the  combustion  of  the  coal.  Sulphurous  acid  is  produced, 
and  mixing  with  water  forms  sulphuric  acid,  which  rapidly  eats 
away  the  iron  to  such  an  estent  that  in  a  few  yeai-s  its  nature  is 
completely  destroyed,  and  it  gets  so  soft  that  it  can  be  cut  with 
a  knife.  The  best  and  generally  used  preservative  is  a  lining  of 
fire-brick,  a  seating  for  it  being  made  by  fisjng  one  of  the  wedging 
curbs  so  that  it  projects  &om  3  to  6  inches  into  the  shaft.  The 
great  objection  to  this  procedure  is,  that  by  covering  up  the  face 
of  the  tubbing,  the  detection  of  leaks  is  made  difficult,  but  of  the 
two  evils  the  lesser  is  chosen. 

Cost  of  Tubbing. — Mr.  Q.  C.  Greenwell*  gives  the  following 
statement  of  the  actual  cost  of  putting  in  metal  tubbing  in  a  shaft 
14  ft.  9  in.  diameter; 

Coi'  "/  "tdging  atrb : — 

BtesBing  and  preparing  bed  for  curb,  and  lajing  same  £    1.   d. 

read;  for  nedging 34    9    o 

Wedging  (stone  very  hard) 10    4  It 

Wedges  (5435  used)  and  sheeting  (material  and  umiui- 

tsoturej ^33 


£7t  '6    8 
JVtns  Enginetring,  pp.  166-169, 
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c£  wkiek  ka§  m  Imi^ij^  ftiBg^   tsmed  ootwmrds  and  an  nppei 

mvaids.    These  two  aie  strung  together  hy  iron 

[  like  sfmte  bet* een  them  eompktoly  filled  idth 

titft  wlken  tlfte  upper  one  ^ides  down,  this  mo6s  i^ 

Odter    ■!.  111111   are  connected  above   these    two 

^      _   which  bATie  the  flanges   pointing  inwards.     The 

tabling  f^^nsiffli  of  c^&idiieal  nngs^  aboot  4  ft.  6  in.  high,  cast  in 
an  cntm  paeecL  There  are  no  Terdeal  joints.  A  strengthening 
lib  is  c^x  inside  cadi  rinc^  and  the  top  and  botUnn  flanges 
are  tamed  in  a  lathe,  anS' boit-hofas  bored  in  thent.  Before 
being  oscd.  cadi  ring  is  tested  by  hTdranlicpreaBarey  in  a  specially 
conducted  box,  with  bom  two  to  five  times  the  pressure  it  has  to 
snpport.  These  lings  are  pot  together  at  the  sorfsoe  with  |th 
of  an  inch  of  sheet  lead  bilaeen  the  joints,  and  the  whde  structure 
lov^ned  bit  bv  bit^  by  screws  and  strong  iron  rods. 

The  chief  point  upon  which  soccesi^ul  lowering  depends,  is  the 
means  adopted  to  balance  the  enocmoos  weight  of  the  long  length 
of  tabbing.  Near  the  bottom  a  diaphragm  (d.  Fig.  121)  is  fastened 
to  the  dange  of  one  of  the  segments,  and  in  the  centre  of  this  is 
a  tube.  When  lowering  is  being  carried  on,  the  weight  of  the 
tabbing  forces  the  water  op  the  c»itral  ap^ture ;  the  amount 
displaced  bj  the  dtaphragm  and  the  resistance  it  meets  with 
daring  its  passage  through  the  water  are  so  great,  that  a  large 
portion  of  the  waght  of  the  tabbing  is  supported;  indeed,  in  some 
instJUKe^  it  is  more  than  cooiiterbalanoed,  j^  where  such  happens, 
water  is  introduced  at  the  top  of  the  di^)hragm,  tobe  pump«d  out 
again  if  necessary.  This  regalation  is  <^perated  so  successfully, 
that  in  one  case  where  the  entire  widght  of  the  tubbing  was  800 
ton:^  it  was  so  counterbahuMred  that  not  more  than  40  tons  was 
ev«r  on  the  lowering  rods  at  one  time. 

Idppmann*8  Method. — ^To  the  foregoing  method  several  ob- 
jei^tions  may  be  taken.  It  has  been  found  that  nearly  as  much 
lime  is  t^en  to  enlarge  the  small  shaft  as  to  bore  it,  and  attempts 

were  therefore  made  to  carrv  out  the  whole  opera- 

FiG.  laa,^   tion  at  the  same  time.     With  a  straight  chisel 

^^"   turned  round  a  centre,  blows  are  struck  more 

closely  near  the  centre  of  the  shaft  than  at  the 

drcumf  erence,  and  considerable  labour  is  wasted. 

Met^srs.  lippmann  have  got  over  this  di£Eiculty  by 

making  a  drilling  tool  in  the  shape  of  a  double  Y 

(Fig.  122\  in  which  two  teeth  are  placed  in  that 

^wtion   cutting  round  the  cittnimferenoe  of  the 

!aiaft>  and  only  one  towaxvls  the  middle;  more  blows 

are  thus  ^wi  at  the  periphery  than  at  the  centre. 

Another  imi>ixn-^ment  is  that  the  engine  is  not 

.    .  ovxnutvteii  dii^vtly  to  the  bcMing  lever,  but  motion 

iwvonts  all     *»w^.i       TvT     3  *^  f  ^41*^  chain  and  eccentric,  which 
IWN.ntvs  all     sluvk.      The  dvUris  is  extracted  by  an  ir^  box, 
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divided  into  three  compartments,  each  of  which  has  nine  holes, 
closed  by  valves  opening  outwards.  This  box  is  lowered  to  the 
pitbDttom.andaltertiatelfmiaeil  and  dropped  for  about  ij  minutes, 
lieing  at  the  time  gradually  turned  round.  The  sludger  has 
usually  to  be  filled  twice  before  recommencing  to  boi-e.  For 
Becuring  the  sides,  similar  tubbing  to  tlia,t  of  the  KiuJ-Chaudron 
method  is  adopted. 

SETKOTG  THHOUGH  QUICKSANDS.  —  Trlger'B 
Method. — In  this  system,  sheet  iron  cylinders,  divided  into  three 
ai^tigilt  compartments,  are  sunk  into  the  ground,  and  compressed 
sir  forced  into  the  lower  one.  The  workmen  are  thus  placed  in  a 
sort  of  diving-bell,  and  if  the  pressure  of  air  is  greater  than  that 
of  the  water  in  the  sand,  the  latter  is  forced  back,  and  prevented 
fnm  entering  the  lower  compartment.  The  rubbish  excavated  ia 
ronoved  in  a  small  kibble.  Trap-doors  allow  communication 
from  one  chamber  to  the  other,  the  joints  of  these  being  made 
Wefully  air-tight.  The  doors  of  the  second  and  third  chambersare 
MiCF  aUowed  to  be  opened  at  the  same  time,  so  that  little  loss  of 
conpressed  air  takes  place.  Sinking  proceeds  until  solid  ground  is 
readied.  The  depth  which  can  be  attained  by  this  method  ia  limited, 
tor  as  the  pressure  of  water  outside  the  cylinder  increases  with  the 
<Iepth,  a  higher  pressure  of  air  has  to  be  used  in  the  lower  com- 
futment  to  stop  the  influs  of  water,  and  a  point  ia  soon  reached 
•bore  which  the  men  cannot  work.  At  Aix-la-Chapelle,  121  ft. 
oC  quicksand  was  passed  through  by  this  method,  the  greatest 
pressDre  of  the  air  employed  being  z.S  atmospheres. 

Poetsch's  Method. — The  most  recent  improvement  for  linking 

tiiwigh  water-banring  strata,  ia  that  introduced  by  Mr.  Foetsch, 

"loch  oonsists  in  freezing  the  running  ground,  and  transforming 

it  into  a  solid  mass  of  ice,  through  which  sinking  proceeds  by 

"Hinary  methods,  just  as  if  the  ground  was  of  a  tenacious  and 

Mlid  character.     A  well-known  principle  is  that,  when  any  liqoid 

"s  rapidly  converted  into  vapour,  it  absorbs  a  considerable  quantity 

'^  heat,  and  that  the  absorption  is  more  rapid  the  mors  volatile 

'ha  liquid.     In  the  machine  employed  for  producing  the  freezing 

■nature,  liquid  ammonia  is  placed  in  connection  with  the  receiver 

^  an  air-pump,  and  rapid  exhaustion  set  up.     The  ammonia  at 

""i*  commences  to  boil,  and  the  vapour  produced  is  absorbed  by 

^Sifahle  means,  with  the  result  that  a  still  more  rapid  evaporation 

'"  produced,  which  communicates  intense  cold   to  the   mixture 

^ployed  for  the  freezing  operation.     The  liquid  used  for  this 

^'"'po.se  is  a  solution  of  chloride  of  calcium,  adopted  because  it 

"^  not  freeze  until  the  temperature  reaches  —34°  0. 

Tlie  actual  procedure  ia  as  follows : — A  series  of  bore-holea  u-b 

"^^  through  the  water-bearing  sti-ota  until  the  solid  measures 

.  ^    reached,  and  are  lined  with  tubes  (a.  Fig.  123)  as  they  go 

?^Ti.     After  penetrating  through  the  quicksand,  the  lower  ends 

t-hese  tubes  are  made  water-tight  by  means  of  lead  stoppers  b. 


very 
_  pip^ 
R  mmmSkr  om  d^  of  abovt  one-thbd  the  diameter  is 
JBtradneed,  bariog  its  k>ww  and  i^ieti.  These  latter 
fi^m  mn  yroriiaJ  vitk  Btop^ocb,  uid  joined  to  a 
cMbkl  Acriboti^  pqn^  wi^ended  ftbove  the  top  of 
tba  ^ift.  Tks  fill !■!■;,  aizta«,  pi^Mred  as  above, 
it  AaB  lonad  fegr*  P"**?  ^hnm  the  anuiU  tube,  sod  on 
iwihiiH,  thm  faottoM  eumohtes  in  tbe  annular  space 
batmts  Oa  tao  pipes,  nee  to  tbe  eorfaoe  of  the 
gramaA,  aad  it  tnBJttmi  m  asotber  »ries  of  pipes  e, 
fm^  wImoo*  it  ii  ^ant  letumed  to  the  fizzing 
I  vaad  onr  again.  Br  this  means  the 
h  p^  witfain  the  shaft  itself,  and 
idb  the  Innit  of  the  shsft,  ia  froien 
_k  to  givtt  nlifitf.  Tbe  most  intense  cold 
■a  «t  tha  hn»tai  «<  th»  |iq>cs>  and  as  a  result  small 
t  ef  fioam  graaaA,  with  their  bases  downwards, 


IW  Bcdkod  «(  Mk^  after  tke  gKMBd  is  fauen,  is  to  excavate 
•  Mm  «*k  the  aid  of  jiA»  and  wjg—,  UMliac  betng  expRCsly 
fntbiUMt, aaJ tlw  tr  — — ■ -'      ''     ■-  •      "     ■^- 


atltesidMlirB 


■s<2  otdinary  curbs. 


— I*  ligftga-     Sm(»4  and  fattv  lai«tfa>  wiD   be  sa^  and 

lHMM««,  in  a  aaaQar  aHMBar,  utfl  tka  quicksBDcI  b  passed  t  hroogb 
•■^  ••IM  (iVMod  rMiliii,«lM«  a  ««4Burcart>  will  be  put  in,  and 

«M*-%M  MbbiBg  faxM^kk  ^pwrnt^tT^ 

"•■J*^^^  0«««»y.*  tfce  appantBs  was  charged  with  950 
^wmoT  aatatMM  afauaHa,  *ha  iaakj  conmniptioD  of  wtuch 
'*'*_yyy|'.3  %••■■  ^ftaa^  oonmaed  53  days,  when  sinking  was 
"^■""V"*  ^*  •fthiw*  an;  dittnil^,  at  tke  nrte  of  riiout 
*,.*r.  ^t&a  --^^H^!!!!^  ^  ^^  "^  rwmng  .wd.     The 


WdthKMghAo; 


0T.  the  aolntaoa  of  chloride 
iCid,iBstMdofoo(ded.  Total 
xvetiott,  ^£960.  Total  cost 
■g  >5  per  cent,  of  first  cost 
>  of  erection  and  removal. 


«aM««BlMk«a«j£yMo 
fcgifcaft.  wiHrtVrMrf 
el  ptuO,  for  .ItprwiRtiaK  asd  exMOMTW 

»tt(  ««.     Ik.  r«,«„K„  fa  „,w  ,  ^Spi,  one.     Krt   ot 


•  l\..  »>»  S.  »  t  rai,.  ,^ 


.^^ i 
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^Tffl,  means  axe  provided  at  the  inset  lei-el,  for  receiving  the  debris 
out  of  the  unking  kibbles.  Then  an  ordinary  rope  is  provided 
with  a  capping  at  each  eod,  and  the  upperone  passed  through  the 
bottom  of  the  cage,  and  made  fast  by  driving  an  iron  pin  through 
the  eye  of  the  capping,  and  usually  further  secured  by  glands  Co 
the  bottom  of  the  ca^je.  The  Icibble  is  attached  to  the  other  end 
of  the  tail-rope,  and  when  the  cage  is  raised  by  the  winding  engine 
at  the  surface,  the  kibble  is  lifted  also,  The  method  of  pnw^dure 
is  to  fill  a  kibble  at  the  bottom  where  BU)kiug  is  going  on,  lift  it  to 
the  inset,  empty  the  contents  into  tubs  standing  there,  and  then 
lower  down  again.  Sufficient  tubs  are  provided  to  contain  all  the 
dirt  produced  in  the  cigkt-time,  and  the  tail-rope  is  then  taken 
off  the  cage  (an  operation  done  in  five  minutes),  the  cage  lowered 
to  tlie  inset  level,  and  the  debris  wound  to  the  surface. 

The  above  system  con  only  be  applied  when  the  pit  is  not  wind- 
ing coal.  In  many  cases  tbi'^  difficulty  is  surmounted  by  com- 
mendng  at  the  inset  level,  a  short  distance  away  from  the  shaft,  and 
rioking  an  inclined  pit  until  its  axis  meets  that  of  the  drawing 
shaft,  when  it  is  continued  vertically  downwaiyls.  At  St. 
Adolphe  Pit,  Haine  St.  Pierre  Collieiy,*  with  such  procedure,  the 
shift  was  deepened  from  984  to  1246  ft.  without  stopping 
"lulling.  The  debris  was  drawn  by  an  engine  at  the  surface,  a 
rope  from  this  pissing  down 

tt«  side  of  the  winding  pit,  ji-^q    i^^ 

Md  then  deflected  by  pullejs 
along  the  line  of  the  mcline 
finally  passing  into  the  ert 
fal  position  required  fora  nk 
ing,  hv  being  conducted  o  er 
11  pulley  Eiupported  on  a  car 
rJB^e,  the  rope  passing  through 
a  hole  in  this(Fig.  1 14).  Wl  en 
the  kibble  is  at  the  bott^im 
of  tha  sinking,  the  carnage  is 
at  its  lowest  point,  and  the 
rope  bangs  vertically  m  the 
pit,  but  as  the  kibble  is  lifted 
the  can'iage  is  pushed  up 
the  incline,  the  kibble  bang 
ing  in  a  vertical  direct  on 
nntil  the  inset  level  is  rejitl  ed 
when  it  is  removed,  and  an 

empty  one  put  on.  On  the  return  journey  the  carnage  followB 
the  kibble  as  it  is  lowe  ed  unt  I  it  comes  to  the  en  1  of  the  guide. 
The  rope  then  descends  vert  callj  downwards      A  spring  is  placed 

C:he  capping  on  the  rope  to  prevent  an)  shock  when  the 
ea  the  carriage. 
•  For.  Abs.  N.  E.  I 
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At  AlOTiBJim  F<  Vi^n,  *  daft  19  fi.  diuo.  wu  deepened 
fn^  j6o  to  TJX  jds.  b  tMn  y^ns  I7  tbe  fflfiowing  method,  ooal 

bng«««Mddldctne.     Ow  <  1^11  wee  !■! t.  tml  n  Tinlmrr 

««Mit,  •4**1  tn  ■  (>S«  aa'  fanr  f  |Jj  tnlx,  pot  in  its  pUce,  this 
wMJ^  iam^  U«  a^B  of  tfce  fit  ib  two  gaiim,  the  winding  rope 
b^Bg4ii<Hl«d  frn^  its  ecdnaiy  poBtxm  bf  nc^nsof  a  pulley  on 
tfak  hwi  gMg  <n^  us  and  ix6>.  Hum  acaffolds  were  pat  in 
at  A»  Pmbcxtsn  4  ft.  iitTit,  to  ptgwt  anvthing  falling  on 

fonkm,  and  a  bak  left  tlnaa^  hr  the  pa&sa^  of  the 
kiUiei.  A  platfocm  on  wheels  was  pro- 
m&.  1x5  AXD  u6,  vided  m  a  leiri  6  ft.  high«r  than  that 
^  <Mi{li9«d  for  cagb^  the  coal,  which  could 
Vp^it^  t«  nm  «w  the  hole  left  "»  **>«  scaffold- 
^/y  ^^^  ™fr  -4  '■■■H  winding  engine  at  the  sar- 
g}  face  draw  tbe  «™Hiig  debris  from  the 
pp»>fc^,.^  betWtoflf  tbeAaftoptothelerel  of  this 
~f^*%i^^  piMfcxn,  wfaidi  «n£  poshed  orer  the 
K  ^aft,  tbe  kibfile  t«moT«d,  and  the  dirt 
~T  '  ifaii  _  t^^^ed  into  ordinaiy  tube  standing  at  the 
I  ienl  of  tbe  inset.  These  wei-e  tlien 
.  — ^  piamd  OB  tbe  cage,  and  dwwn  to  the 
T~l  snrf ace.  A  fnpBtan  rope, 
U  worked  hf  a  ii|«dal  engine 
H  ftSS?*'  ■*  **•*  snrfaoe.  pa^ied 
»■  ^^  down  tbe  otntrt  erf  the 
I  I  ebaft  and  formed  a  guide 
I  I  fur  tbe  sinking  kibble, 
I  I  donngsuchliinesasbrick' 
i  r  ing  was  not  being  pro- 
A|  ceeded  with.  When  this 
~J  rope  wat  not  in  use  it  was 
*^  kept  in  podtion  at  the 
j.^^  bottom  of  the  pit  hj  a 
^^^^  heavy  circular  elongated 
J^  gFr^^^frfc  block  of  iron.  Fig.  127 
■J  jt — -"^^^Sfc^  gives  an  enlarged  view  of 
^   jM            ^^'^^S      ^^  guide  employed ;  a  is 

K  the  capping  of  the  wind-       1  > » 

ing  rope,  to  which  is 
attached  the  detaching  honk  b.  Below  this  comes  the  guide  e, 
and  weight  d,  the  latter  being  of  cast  iron  with  a  hole  bored  oat 
to  receive  the  vertical  bar  «,  which  fiu  inio  d  loosely,  so  as  to 
be  readily  withdrawn  for  examination.  Above  the  weight  a 
homontaJ  bar  c  projecta,  clamping  the  bar  e  above  the  weight, 
and  projecting  to  the  capstan  rope  on  which  it  iiins  freely  with 
plenty  of  "  play."  Below  the  weight  comes  the  kibble  and  bridle- 
chains.  The  capstan  rope  g  is  placed  absolutely  central  in  the 
pit.     When  about  to  fire  shots  the  men  were  signalled  away  first. 


L 
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d  directly  they  had  gone,  the  capstan  rope  and  weight  attached 
xras  raised  a  few  yards  so  as  to  be  out  of  the  way  of  the  debris. 

The  bricldsg  Bcafibid  was  made  of  timber,  and  Guspended  from 
bridle  chains,  and  consisted  of  three  parts,  a  centre  one  and  two 
&de  pieces  working  on  hinges.  During  bricking  operations  the 
wining  rope  waa  drawn  up  clear,  the  weight  on  the  capstan  rope 
taken  olf,  and  the  latter  connected  to  the  bridle-chains  of  the 
scaffold,  which,  wheo  not  in  use,  was  suspended  in  the  shaft  from 
croKs  baulks  placed  there  on  purpose. 

For  short  distances,  shafts  are  sometimes  sunk  upwards.  A 
dividing  brattice  is  usually  placed  across  the  shaft,  and  the  debris 
tllowed  to  accumulate  over  one-half  of  its  ai-en,  this  forming  a  sort 
of  natural  platform  on  which  the  men  stand  to  work.  For  the 
porpose  of  ventilation,  wooden  boxes,  or  troughs,  are  built  in  the 

Widening  Shafts. — This  is  a  very  awkward  and  costly  opei-a. 
tioD,  if  winding  is  to  be  carried  on  at  the  same  time.  In  such 
iaee»,  it  is  usual  to  place  a  series  of  byatts,  or  buntons,  below  each 
other,  in  such  a  position  that  the  cage  misses  them.  At  night- 
time these  buntons  are  covered  over  with  planks,  and  Ecafiblds 
formed,  on.  which  the  meo  work,  and  take  out  the  ground. 

If  the  shaft  is  not  required  for  winding  purposes,  the  best  pro- 
cedure is  to  fill  it  up  to  the  surface  with  some  loose  non-coherent 
material,  which  is  removed  again  as  the  old  lining  and  sides  are 
taken  out  to  the  required  size.  This  saves  all  the  labour  nnd  time 
of  changing  scaffolds.  In  a  deep  shaft,  portions  only  of  its  length 
would  be  filled  up  at  a  time. 

Cost  of  Sinking. — The  cost  depends  on  the  hardness  and 
inclination  of  the  strata,  and  especially  on  the  quantity  of  water. 
If  the  beds  are  highly  inclined,  the  cost  is  greater,  as  the  rocks 
do  not  blow  well.  The  general  rule  is  to  obtain  tenders  for 
sinking  and  walling  the  whole  depth,  and  to  deal  with  a  certain 
qoantity  of  water.  If  this  quantity  is  exceeded,  either  allowances 
are  given  or  the  contract  broken.  Such  contracts  act  veiy  well, 
if  the  nature  of  the  ground  is  well  known,  and  no  difficulties  are 
encountered,  but  master-sinkers,  as  a  rule,  are  persons  of  small 
capital.  So  long,  therefore,  as  they  are  making  money,  every- 
thing proceeds  smoothly,  the  manager  is  relieved  of  anxiety,  his 
only  care  being  to  see  that  the  work  is  carried  out  properly  and 
with  safety.  But  if  the  work  is  proceeding  at  a  loss,  the  con- 
tractor's means  are  soon  exhausted ;  although  sureties  are  generally 
bound  by  agreement,  yet  concessions  have  to  be  made.  In  view 
of  this,  the  system  of  carrying  on  by  men  at  day  wages  is  gaining 
fovour,  superintendence  being  given  by  competent  chargemeo, 
who,  in  addition  to  a  stipulated  wage,  receive  a  bonus  for  every 
yard  done  during  the  week,  in  excess  of  a  stated  distance. 

At  Ramrod  Hall  Pit,  Staffordshire,  through  the  different 
varieties  of  the  rocks  of  the  coal  measures,  the  cost  of  sinking 
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v»»  I  I.I2  «*=^«*y  fcr  €mk.  y4^  wkaA  «■■  mdiided  the  labour 
cf  fomir^  m  ikie>  vaffisg  9  ndbw  tiaek  and  barkhig  the  same 
sciL  aS  m^gBi  alioi«  a^  Iwluw  gromid  (ezsept  winding 
a&d  itokBrK  liaii  iMJihiiij,,  povder,  Jbc;  valae  <^ 
used  Ur  laaB^  hoc  '"^^^^^r^      OoDiers*  mges  at  this 

aBout  of  vascr  w  smB,  and  «orid  be  desk  with  by 
bafii^  An  alVf  mnrg  of  25a.  was  aaide  for  each  water  ring 
pnt  xn. 

Ai  SHndwell  l^ik  Gbl&err,  tte  eoBtnci  pnce  for  sinking  and 
vaDing  the  Xo.  3  shaft.  15  n.  £ui.  in  the  desr,  was  jQS  i2«.  6d. 
per  running  jard.  eq[val  to  6uS2  AiJIhy  per  cab.  yard  of  ez- 
cBiaxaoB.  The  abow  pnee  lose  at  the  suae  pereentage  as  ccdliers' 
wages>  which  at  that  OBe  were  5c.  4dL  per  day,  the  minimnm  of 
the  sb£ng  scale.  The  oontractcas  foond  aD  faiboar  in  [aty  banka- 
sen,  took*  blasting  agents^  fights,  ht^  fixed  all  acaflR^ds,  Tontilat- 
ing  pipes,  4cl,  and  deposiled  the  spoQ  at  such  plaoes  as  required, 
op  u>  40  yards  froai  pit  top  The  eompany  found  engine  power, 
oiginemen,  inking  kibbles,  lining  materisl,  and  sharpened  all 
too^  Xo  allofwanoe  mas  to  be  made  for  watu-  untO  the  qoanti^ 
exceeded  sodi  as  could  be  rused  by  tipping  barrds.  llie  total 
SUB  paid  under  this  he^d  for  the  entire  sinking,  amounted  to 
^6  16s.  9dL  For  cadi  water  xing  put  in  jQi  was  paid,  and  fat 
each  square  curb  j£$  15s.  The  aperage  rate  of  sinking  and 
waiting  (working  continuiJly  from  Monday  moniing  to  Saturday 
night)  was  S.04  yds.  per  week. 

Messrs.  F<»ster-Brown  &  Adams  give  detafled  statements  of 
the  cost  of  fiinking  and  waDing  two  shafts,  each  17  ft.  diam.,  at 
Harris  Xavigstion  CoUioy,*  including  all  labour,  coal  at  boilerB, 
smith  work,  explosives,  stores,  ke.  From  their  paper  the  f<^owing 
figures  are  extracted  :— 

Average  cost  per  yd.  for  sinldng  50  jdsL  in  tkale  near  bottom  of  shaft. 

WiUwvt  Pinii|)«.  Whk  Pamra. 

£    M,    ^,  £    t.    d. 

Labour       ...        9    8    2  10    2    4 
llatezials  (store<J              ^             o 

explosiT^  &c, ,     •        2  u    4^  304^ 

Average  cost  per  jd.  of  sinking  50  yds.  in  hard  Pennant  grit  rock, 

with  pompe. 

Bj  Hand.  Umnz  three  Machine  Drills. 
£   s*    d,  £    M.    d. 

Labonr      ...        32  17     i  22  19    8 

Materials  (stores, »  ,»,#;•«  ... 

explosives,  &cO  I  '        "^^i^  "     3    ^^ 

*  Inst.  CJB.  briv.  23. 
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Atco^  OMt  per  7d,  in  depth  of  yiy^s.,  of  tS  inch  waliing  with  tvo 
iion  carbs  ia  such  distaoce. 

/    *-    d. 
Labonr  (nnken,  nuKiiis.  imitha,  engiDemen,  &c.}  .     4    7114 
Sicirea  (cuull««,  oil  «nd  grease,  ginkera'  suiis,  &c.)      0  17  10.7 
Maierial  Cbricfc.,  lime,  and  coal)      .        .        .         .620 

£u   7  10. 

Equal  to  £1  31.  lod.  per  cob.  yd.  of  masonry. 

Where  Sal  per  cent,  of  the  strata  passed  through  wa^  han 
rock,  Rnd  17J    per  cent,   shale,   the  average   depth    euiik   anc 
vailed  per  week,  exclusive  of  stoppages,  was,  in    a  length    0 
69  yds.,  2.19  yds. ;  while,  where  38^  per  cent,  was  hard  rock,  aiu 
6[J  shale,  the  speed  averaged  4.0S  jds.  per  week  over  a  length  0 
411  jds.     Towards  the  bottom,  the    ground   only  contained    6 
pet  cent,  of   hard  rock,  and  the  speed  of  sinking  and  walling 
iwched  6.77  yds.  per  week. 

The  following  table  shows  the  compnrative  coat  of  various  modee 
d  ijoHng  through  water  hearing  strata :  ♦ — 

St-i™. 

Colliery. 

sinking. 

II 

filnlB  pnMfd  through. 

il 

\ 

Trigor     . 
Chaudron 

"     J 

( 

La  Louvidrie 
Havr^    .    .    . 

L'EBcarpelle. 
Baint-Waait  . 
Saint-Barbe  . 
Saint-Huie  . 
Rotbhanaen   . 
Archibald.    . 
Emilia  .     .     . 

&'3 
888  19 
20  17 
37    8 
33    3 

'i^ 

17  t6 
35  t6 

|3o    0 

124 

33' 

140 
98 

Qiiicks.-HKi 

1  Kiianinp:   eanri    aud     ) 
I   water  bearing  chalk  f 
Sand  and  chalk  .     .     . 
Chalk,  marl,  and  Band  . 
ClajB,  marls,  and  sand 

WhitemarlB   .    .  ".     . 

Quicksand 

Sands.  4c 

1  Sands  with  lai^e  boul- 1 
1     ders 1 

48 

29 

:8 
'3 
25 

8 
6 

1 

Ian.  J3,  1880,  p.  129. 
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Btenvenson,  xxii.  lo;  ;  A  thronologieat  Btvlea:  oj  a  numbtr  if  Shaft 
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aiD-  INBT. :  On  Iron  and  Stole  Tubbing.  T.  W.  Embleton,  vil.  16; ;  Arti- 
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ANN.  DB8  mSEB  !  Memoirt  tur  la  methode  de  eong&ation  de  M.  B^elechpour 
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CHAPTER    VI. 

PRELIMINARY    OPERATIOyS. 

tTndergroaiid  Hoads. — Having  reached  the  ecam  fr'^m  which 
niLDHriLl  is  to  i>e  extmcted,  the  Smb  operation  cons^ts  in  lii'iviug 
A  wrirs  of  passages  called  levels  or  roads.  Their  direction  b 
9'^'enied  by  the  relative  position  of  the  shafts  and  the  area  to 
1*  ton,  by  the  system  of  working  adopted,  and  by  the  inclination 
of  the  eearo.  Their  size  is  governed  by  the  dimensions  of  the 
tubs  employed  and  by  the  proposed  system  of  haulage,  as,  if  a 
double  line  of  rails  has  to  be  used,  the  dimensions  of  the  roads 
will  necessarily  be  larger  than  where  onlya  single  line  is  in  openi- 
tjqtt.  The  direction  is  also  influenced  by  the  question  of  haulage, 
for  if  mechanical  means  are  not  employed,  the  gradients  of  tiie 
ii>^>  will  have  to  be  such  that  a  horse  can  readily  draw  material 
;>long  them,  and  as  the  dip  of  the  mine  and  the  position  of  the 
shaftA  are  fixed  points,  the  roads  in  this  cose  will  have  to  be 
driveo  in  such  direction  that  the  necessary  gradient  is  given. 

Another  point  is  the  question  of  dealing  with  wat«r.  Wherever 
possible,  the  gradients  should  be  such  that  all  water  gravitates 
towards  the  shaft.  Perhaps,  in  all  seams  of  moderate  and  regular 
inclinations,  the  best  plan  is  to  drive  the  main  road  practically 
along  the  strike  of  the  seam,  only  deviating  from  that  line  to  such 
an  extent  as  will  give  a  slight  fall  towards  the  shaft.  Where 
have  undulating  gradients,  roads  carried  along  the  strike 
arily  vary  in  direction  with  each  change  in  the  dip.  For 
any  aystem  of  mechanical  haulage,  the  best  results  are  obtained 
wheie  the  roads  are  driven  straight,  so  that  when  the  dip  varies 
wo  usually  find  that  the  straightness  of  roads  is  more  looked  to 
tlian  any  actual  question  as  to  whether  they  are  following  the 
strike  of  the  seam  or  not,  as  it  only  req'^es  a  little  more  engine 
power  to  haul  along  the  material. 

Means  of  Eeeping  Direction. — Having  decided  upon  the 

position  of  the  ivsads,  they  are  kept  in  the  proper  direction  by 

Tery  simple  means.     At  the  commencement  two  or  three  points  ai'e 

r      dnt'^iiiiiiii'd.  and  marked  on  the  roof,  with  the  aid  of  a  compass  or 

^■Kheodolito,  and   plumb-bobs  suspended    from  them  in  such  & 
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pa>;ition  that  the  straight  line  made  b;  these  three  shall  be  in  tl 
liireetion  in  which  the  level  is  to  be  driven.  Three  points  ai 
much  to  be  prefeired  to  two,  as  in  case  any  movement  takes  plat 
in  any  of  them,  it  is  usually  found  out,  such  not  being  the  case 
where  only  two  are  adopted ;  as  an  additional  precaution,  it  i 
better  that  these  tines  should  not  be  attached  to  timbev  frames  o 
liettings,  or  the  pressure  of  the  ground  is  liable  to  move  them  ou 
of  position.  To  determine  whether  the  road  is  proceeding  in  the 
proper  direction,  an  observer  Ktations  himself  behind  the  plumb- 
bob  farthest  from  the  face,  and  lights  are  held  against  the  other 
two  lines.  Another  workman  is  stationed  at  the  face  ivitli  a  light, 
which  is  moved  about  until  its  position  coincides  with  the  line 
given  by  the  three  fixed  suspended  plumb-bobs. 

In  some  instnncea  the  points  are  hxed  in  the  axis  or  centre  line 
of  the  excavation,  while  in  others  they  are  placed  nearer  to  one 
side  of  the  rond,  of  course  preserving  the  same  line  of  direction. 
In  the  latter  case,  tne  point  obtained  on  the  working  face  will  not 
be  the  middle  of  the  rosui,  but  somewhere  about  a  foot  from  the 
eide.  Thid  latter  arrangement  is  preferable,  because  if  the  road 
does  get  slightly  out  of 
line  when  the  determining 
points  are  fixed  in  the  mid- 
dle, the  straight  line  given 
by  these  points  will  pass 
down  the  road  (Fig.  128), 
but  if  such  points  are 
only  one  foot  from  the 
side  it  would  be  impossible 
to  get  the  line  through  (Fig.  139). 

Heana  of  Keeping  Qradient.— For  haulage  planes  uniform 
gradients  are  preferable,  as  the  cost  of  cutting  through  small 
irregularities  of  the  floor  or  roof,  and  indeed,  diSocations  caused 
by  faults,  is  soon  repaid  by  the  ease  and  smoothness  with  which 
the  plane  is  afterwards  worked.  In  the  case  of  large  faults, 
modifications  of  the  gradients  have  to  be  introduced,  but  even  in 
such  cases  it  is  usual  to  make  the  inclination  approach  ae  near 
to  the  regular  one  as  possible.  The  instruments  employed  for 
keeping  the  gradient  uniform  are  also  of  a  simple  character. 
Often  an  ordinary  T-bob  (a  wooden  frame  shaped  like  an 
invei'ted  T)  and  plumb-line  are  used,  the  vertical  piece  being 
placed  on  such  an  inclina- 
Frc    iin.  tion  that  it  corresponds 

with  that  to  be  given  to 
the  floor.  This  is  rather 
ft  clumsy  instrument.  A 
more  convenient  form  is 
that  of  a  straight  edge 
{a.  Fig.  150)  about  6  ft.  long,  in  the  upper  side  of  which  a  level,  b, 
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u  bedded  in  a  small  secondary  triangular  block  of  wood  c,  the 
angle  that  this  latter  piece  makes  with  the  former  being  such 
tW,  when  the  bottom  side  of  the  straight  edge  is  paralJel  with 
the  line  of  inclination  of  the  road,  the  level  is  truly  horizontal. 

Operation  of  Driving. — Having  determined  the  dii-ection  aad 
pndient,  the  work  is,  as  a  rule,  carried  out  in  the  following 
naiiDer: — The  £rEt  operation  consists  in  holing  or  undercutting 
tbe  seam  ;  that  is  to  suy,  either  the  lower  part  of  the  eoal  is  cut 
away  with  a  pick,  or,  if  a  soft  layer  exists  beneath  the  seam, 
nnilercntting  is  performed  in  it  with  the  object  of  reducing  waste, 
b«auBe  holing  the  cool  makes  nothing  but  "  small,"  which  is 
comparalively  worthless.  The  width  of  the  undercutting  is  equal 
to  tie  width  of  the  road,  but  its  depth  depends  entirely  on  the 
mtare  of  the  seam.  Strong  coals  require  deeper  holing  than 
tender  ones.  lu  performing  undercutting,  the  miner  lies  on  his 
iiile,  and  naturally  removes  more  height  at  the  face  than  at  the 
Wk,  because  at  the  former  place  his  arms  and  the  helve  of  the 
pick  have  to  be  inserted,  while  at  the  immediate  back  only  a  space 
«!!«]  to  the  width  of  the  tool  is  necessary.  If  the  undercutting  is 
iJwp,  part  of  the  man's  body  is  also  introduced,  and  consequently 
ffliire  of  the  coal  has  to  be  cut  away.  For  this  reason,  except 
ivhere  the  nature  of  the  coal  absolutely  requires  it,  holing  should 
Dot  proceed  any  further  under  than  a  man  can  conveniently  reach 
oJlhout  inserting  his  body.  The  coal  undergone  is  got  down  by 
cutting  a  vertical  groove  along  one  side,  and  then  breaking  down 
tie  remainder  either  by  blasting  or  by  wedging. 

In  some  collieries  gas  exists  in  the  coal  under  such  pressures 
thrt  it  assists  the  workman  in  hewing  the  coal,  and  roads  can  best 
I*  driven  by  attacking  the  whole  height  of  the  seam  at  one  time. 
If  holing  were  resorted  to,  it  would  drain  the  gns,  and  render  the 
operation  of  getting  down  the  coal  above,  a  more  difficult  and 
sxpensive  one. 

Ventilstion. — ^Except  under  exceptional  circumstances,  one  road 
is  never  driven  alone,  two 

piirallel  ones  (a  and  6,  Fig.  Fio.  (31. 

'31)  being  carried  forward 
ittthe  same  time,  these  being 
<°&Dect«d  at  intervals  by 

other  roads,  called  "thurl-       ^ 

ings,"  or  cross  cuts  (c,  d), 

tlie  object  of  which  is  to  provide  a  way  for  air  to  pass  to  the  face  and 
ventilate  it.  When  the  second  thuiling  is  driven,  the  fii-st  one  is 
blocked  up  by  building  a  wall  in  it.  Such  oletruction  is  called  a 
"  Btopping,"  its  object  being  to  force  the  air  further  inbye,  and 
prevent  it  going  back  to  the  shaft  until  it  has  ventilated  the 
wurkings.  It  is  obvious,  however,  that  the  current  of  air  will 
niitui-ally  pass  through  the  last  thurling,  and  when  th( 
on  further,  the  face  will  remain  unventilated,  unless  b< 
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w^  aiuft^ii  far  caRyin^  air  to  iL    Thk  is  done  hf  one  of  two 

^vwiien  1*?^  oiIM  av  ^its^gfcr  or  ^  owil* 

Btanacng  is  ^umunStr  A»i  by  fUii  y  ptopB  wJUmg  the  line  of 
mifeJM:*  V«B  iM-tin>i  cf  «sk  <v&Ha7  skort  lids  to  sodi  pxt^pSy  a 
loa^  ^mf"  «f  woe4  dfe««i  3  sa.  Imtrnd  m  mmfkryed^  mnd  finnJj  se- 
c«r4  j^piiMTt  ite  nor  W  ^mK  tka  prop  boMttkli  it.  The  brmt- 
ti»  d^  is  attmeJMi  «»  tkaae  litiks  hj  nnh^  and  temporarily 
dwii»tfcaiMad»iyinic>iwiac  a?  Ag«m  by  dotted  lines  in  1^.  131. 
TW  f«B%  air  passim  ap  «»» ^saie  a^  don  ^e  otheTy  as  indicated 

TlBt»  ^Rsttm  » Imgtly  — l^i'jwrtdy  a^  ii  nnsaiipmsed  wliereibe 
is  Tryiiiff  as  tlk^  bitks>  ne!$<  ewalf  agaiwit  it»  and  form  an 


iol»iHN.  XMBaeoMBBtotaneet-iron  pipes, 
a»dbiSand  ifatot  fd.  A  ti  mfMa  siysfcopftM  is  built  across 
tW  raad»  imfiiitrihr  Vflor»  ite  Is^  ttefing,  and  one  of  these 
pifies  y«l  ^urasuA  ii^  As  t^  hfaiKaji  pKoteedis  otfier  pipes  are 
aiML    TW  air  pfes&cs  tkraa^  tWm^iiid  bade  again  along  the 
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tldsmMttlHUttBgdiiaebyiimbiHr.om^  to  tlie€ae^^  whidi 

il  <iuii  W  iatiodfaaMd  iaso  the  workings^  and  ifpiand  from  time  to 
timi^  wWn  »N«68aTT«  TW  loiaf  is  tKatd  by  b^^wAlwy  on  it  with 
a  pidu  or  other  uastnuaMit^  ^"^W%  if  insecve^  a  boHonr  aoond  is 
gix^Btt  o«^  It  is  noQ  aba:»5«  nemsibk  to  W  aoie  by  tids  test,  as 
tW  «ymt>inw  of  a  nombiHr  ct  small  fsahs^  or  ^pB»  makes  the 
loof  di$^jiMal«d«  and  less  tmaciovs  tWn  if  none  were  present. 
SlifK^  ai>^  mno^DimpUMd  by  «&locatmL  and  are  Toty  difficult  to 
di^^e^^  <»^riMi  by  OKMlal  d)i5«rettk«i.  WWre  a  seam  is  known 
tv^  <v>nlsun  thMu  ndnoM^  «xa^mutttion  most  be  resorted  to,  as  a 
pliKV  mi^t  kvk  csde  on  uisp^.-taon«  azkd  imme«&lelT  aft^wards 

It  vkvc^  net  apmur  thdti  the  deptb  of  Une  mine  has  any  efieet  on 
the  $tiv«u;th  of  the  rv>ojf.  TW  ordta-  of  wvYkin«r  snecessiTe  seams 
hdi$  An  iudiKMDMe  on  the  i\x>f  of  tW  <^wit%iKxis  beds^  owing  to  the 
ie«<«ii^  of  ^s:ii$ :  but  f rv«i  oKwrraticns  made  by  Mr.  A.  K  Sawyer^ 
iu  North  $isjid^xd$hin\  no  dedm^e  r^^uahs  can  be  fore-diadowed. 

Twv>  :>y:$tems  are  in  use  fcr  t W  ofwr^sion  <rf  setting  timber ;  in 
one  it  i^  p«rf:««hed  by  t  W  wwkm^^  1  heookselT^^  while  in  tW  oUwr 
«  spedal  set  of  m^n  *re  ^nbi|4ot^  for  iW  pttr^>^e.  Botb  srstans 
b%\e  advanu^riet^  In  tW  K'cmiNr^  the  miner  immedialely  detects 
any  change  in  the  ja»nnd»  and  can  at  once  ^ef  tW  required  sup- 
p^H*t^  without  runuii>g  Any  ris^  wbile  m^tii^  fvwa  deputy  to  come : 
in  tho  Utter*  deixxti^  are  oontiuually  |^^tu:  roacd  loftener  than 
ill  the  other  s\>teiu\  *nd  as  they  haxe  been  brv>u^t  up  to  this 
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Uod  of  work,  are  very  skilful.  In  Yorkshire,  certain  special  men  go 
i^'ood  to  set  timber,  and  prepare  the  working  yhuxa  for  ihe  meo, 
leaving  a  sufficient  quantity  of  timber  cut  into  proper  lengths,  the 
vnikmen  bAiin^  in.strurtioQS,  in  ciise  the  roof  becomes  dangerous, 
to  tni  nay  extra  timber  ueceiiitarT',  or  to  leave  the  place  and  Bend 
forthe  diepaty.  In  Lancashire,  most  of  the  collierG  set  tbeir  own 
lioibw  in  the  face  (not  in  the  roads),  and  the  props  are  drawn  by 
offidab.  The  coIUotb  are  eubjected  to  the  orders  of  the  officials, 
who,  if  sufficient  timber  is  not  set,  order  more  to  be  put  up. 

tbe  general  experieuce  seems  to  be  that  if  a  workman  has  to 
look  after  his  own  Bafety,  and  set  hia  timber,  be  generally  does  it 
^Oa  than  if  it  was  entrusted  to  a  deputy ;  while,  on  tie  other 
'"nd,  an  opinion  is  held  that  the  miner,  not  being  paid  for  setting 
Umber,  is  apt  to  be  negligent,  to  consider  it  time  lost,  and  only  put 
"Ppops  where  absolutely  necessary. 

Timbering. — Of  all  the  Tnrieties  of  wood,  fir  and  pine  fui'nieb 
t£ie greatest  proportion  of  that  u;ied  in  mining;  larch  may  be 


Figs.  131,  133 


considered  the  miner's  timber  jjur  exceUaice.  It  con  be  obtained 
in  good  straight  lengths,  makes  little  waste  in  cutting,  i-esists 
gna.1  pressure,  and  bends  to  a  considerable  amount  before  break- 
ing, and  its  life  ia  a  long  one,  whether  the  place  be  wet  or  dry. 
For  props,  Norway  fir  is  largely  employed,  and  for  such  purposes 
is  perhaps  as  good  aa  larch,  as  it  resists  gi'eat  pressure  if  such  is 
npplied  along  its  length  in  the  direction  of  the  fibres,  and  is  very 
straight,  easily  cut  and  fashioned;  but  it  breaks  rather  easily  when 
the  pressure  isapplied  transperBe!y,and  is  therefore  not  trustworthy 
for  bars.  Ouk  for  positions  of  reliability  is  univei-sally  employed, 
hut  is  not  used  so  much  in  roadways  and  workings,  on  account  of 
it^  cost,  and  the  fact  that,  excepting  in  large  pieces,  it  grows  very 
crooked,  and  is  not  easily  shaped. 

The  simplest  form  of  support  employed  is  that  known  as  the 
prop,  or  tree,  which  consists  of  a  piece  of  timber  fixed  in  a  verti- 
cal position  between  the  roof  and  the  fiooi'  {h,  Fig.  132).  Tbeee 
are  employed  mainly  in  the  working  places,  and  almo.«t  invoriably 
at  the  top  of  them  is  placed  a  small  head-piece,  for  spreading  the 
surface  over  which  reastance  takes  pluce.  This  is  called  a  "  lid," 
and  is  generally  a  piece  of  wood  12  to  18  in.  long  and  3  to  4  in. 
thick,  often  made  by  sphtting  a  piece  of  round  timber  through 
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Um  mithlle.     In  the  norking  plac*,  two  or  three  rows  of  these 
|int^u««iu}tloj'e<l,  tha6«  of  two  cocsecuUre  rows  alternating  with 

8n»U  Wtgle  pniftt,  mIW  "sprags,"  &re  used  for  securing  the 
OO^  dorlag  th«  procwE  of  holing  {a,  Elg.  133).  An  elaboration  at 
thil,«Bph9«d  wn«r»th«c«ml  is  liable  to  break  aw&y  from  thefac«, 
■B  lb*  tf»A\  tinbanng  to  which  the  name  of  "  cocker  sprags  "  is 
•HplMtVlliGboCBsists  of  a  kaiptutJinal  piece  (o.  Fig.  133)  strutted 
i^ta«l  th»  hfe»,  and  k«|it  >n  portion  by  the  small  sprog,  b,  going 
to  ttw  Soor,  itnd  a  bmohiI  one,  e,  btD<dng  it  from  the  roof.  In 
aUwr  iliitliiiii,  a  similar  rwult  is  obtained  br  driving  in  a  hori- 
aoatal   Mnrt    becweeu  th»    ncanet  tow  of  props  and    the   face 

Wkw*  tba  r<K(  i»  filled  with  ^kcts  which  cross  and  recross  each 

«lMr,  dhidu^  it  into  a  seriee  of  biocks,  vertical  props  are  not 

"  '    1  tw^fort,  as  lltv<r  onl j  ke«p  up  that  part  over  or  near  the 
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>w  Miphwi  t  H  ll«  Willi  »»  fcm,  thwe  bia  nay  be 
.^.  twilfcl»Vi«Mit*wtwwKKg.  us) «o  <M>e  «de  << 
Ifcl  lnClUmpwi^KBaltieiilfcw.thia  jaaei^mgfmmtni  of 

«Miate«ttlMi«>4M4t&»  wrf  iBiwii  IMIMI,  rfta»  ana  bar 
»ll<«yjn»«t»  l^h.! I (1%.  lA  Ite4.pBpr.ifdi.lri- 
t«»i«0« lnMnuaJ iariiiiii««t»»»J««  i  m-tmtt,  the 
«iUwk&Ml««ktaa4L«rStambtx4ki«il«d>~ilT.  U 
lU  rat  «^^  ivDiina  ■•((<«,  h((k«i  i9  Wl5<  aona  fen 
awannnm  tar  M,  <l»  a&«  i  taa  ■  a»  a<B  an  ika  lid^  w- 
fiw><aiW,t»a<.«»»lite.Ma^  ^^ 
FMT  Mate  MaAiawl  iTftiii  |iiin>iMi.  fcai  ifci  nlH»  aff  tl» 
^iy(;»>i«a>^«»<ii«ia««««l^>»ai«  i»|l  jil.ll 


^^ 
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Joints. — The  several  pieces  cosEtituting  a  set  are  held  together 
by  diI1er«Qt  forms  of  "  notcliing,"  each  of  which  repints  presiiure 
comiag  from  a  certain  direction.  Where  it  is  entirely  from  the 
rocf,  the  common  practice  is  to  simply  flatten  the  bur  slightly  at 
the  poiDt  where  it  reste  on  the  tree,  and  the  weight  soon  tightens 
the  pieces  together.  With  a  view  of  obtaining  a  larger  bearing 
on  the  piop^,  they  are  sometimes  hollowed  out  at  the  top  end 

39   AND    140. 


(Fig.  138),  the  bar  resting  in  the  space  so  formed.  It  is,  bow 
very  difficult  to  shape  this  groove,  so  that  an  equable  bearing  is 
obtain^,  and  if  this  is  not  done,  the  prop  soon  splits.  To  resist 
side  preseoi'e  as  well  as  pressure  from  above,  the  joint  shown  in 
Fig.  139  is  largely  employed.  It  is  of  the  greatest  importance  that 
this  should  be  nicely  mmte,  and  that  the  end  of  the  prop  should 
fit  erenlf  against  the  shnjwd  portion  of  the  bar.  Tlie  great  mis- 
take is  to  shape  the  piece  as  shown  in  Fig.  140.  If  this  be  done 
_  the  bar  soon  splits  along  the  dotted  line  a. 

Where  the  side  pressure  is  great,  the  power  of  resistance    is 


Flos.  141  i 


ais:^^^i*Lia5. 


aied  by  placing  a  second  horizontal  piece  (a,  Fig.  141) 
neiween  me  two  vertical  j  r  ps 

"  Chocks,  or  "  Coga.  — For  resisting  heavy  pressure,  either 
in  the  working  places  or  along  the  main  roads,  chocks,  or  cogs,  are 
largely  employed.  These  consist  of  pieces  of  timber  laid  horizon- 
tally, the  alternate  layers  of  which  cross  each  other  at  right  angles 
(Kg.  143}.  They  may  be  composed  either  of  broken  timber  from 
the  workuigE,  or  refuse  matennl,  such  as  old  railway  sleepers, 
waggous,  or  wreckages.     If  applied  in  the  face,  these  chocks  are 
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buiJt  OD  a  small  heap  of  loose  material,  which  allows  theia  to  be 
easily  removed.  If  i-equired  to  gtaod  for  any  length  of  time,  the 
space  in  the  interior  ia  filled  in  with  loose  diit.  Their  size  is  an 
exceedingly  variable  one ;  perhaps  the  largent  are  employed  in 
8uiith  Staffoi'dshire,  where  they  run  from  9  to  ]z  ft.  £(|uare,  and 
lo  ft.  high.  They  are  capnble  of  resisting  enormous  weights,  as 
the  more  pressure  applied  the  more  they  refaiet. 

Double  Timbering. — On  the  Continent,  a  system  of  double 
timbering  ia  used  to  I'esist  heavy  pressuie.  The  weakest  part  of 
a  bar  being  its  centre,  it  is  strengthened  thei'e  by  a  longitudinal 
piece  (a,  Fig.  143)  kept  in  position  by  two  stmts,  6,  b,  which  rest  on 
two  other  horizoutal  pieces  of  timber,  c,  c,  these  latter  being  fiimlly 
fixed  by  two  short  sprags,  d,  d,  resting  on  the  floor.  In  such 
manner  not  only  is  the  top  bar  strengthened,  but  the  two  side 
props  as  well. 

So  much  of  the  useful  space  is  taken  out  by  the  two  angle 
struts  (&,  6,  Fig.  143),  that  this  style  of  timbering  could  not  be 


employed  if  the  road  were  a  wide  one  containing  a  doable  way. 
The  various  parts  are  therefore  ai'iunged  in  a  somewhat  different 
manner.  Two  longitudinal  timbers  are  placed  beneath  the  bar, 
in  such  position  that  the  distance  between  the  props  is  divided 
into  equal  spaces.  A  transverse  sti'ut  (i,  Fig.  144)  is  put  between 
the  two  pieces  a,  a,  and  the  latter  are  kept  in  position  by  a  series 
of  cross-struts,  &c.,  c,  d,  as  before,  as  will  be  r^ily  seen  from  the 
sketch. 

In  £sing  this  interior  frame,  all  the  longitudinal  pieces  are  first 
placed  in  position,  and  held  there  by  a  wire  laslung,  until  the 
uprights  and  cross-struts  are  firmly  weilged  in  their  proper 
positions. 

Driving  through  Loose  Ground. — In  driving  through 
watery  and  loose  ground,  special  timbering  has  to  be  adopted,  and 
put  in  with  a  view  of  removing  as  little  material  as  possible.  The 
general  name  of  "  spilling  "  is  appUed  to  such  operations.  First 
of  all,  the  fi-aDies  (a  and  b,  Fig.  145)  will  be  fixed  in  position,  and 
probably  a  sole  piece,  e,  will  be  added,  as  well  as  the  two  uprights 
and  the  cap ;  then  laggings  or  planks,  c,  c,  are  driven  forwai-d  behind 
b,  these  being  inclined  slightly  outwards,  at  an  anjrle  of  Hboiit  is" 
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t^e  pi-e^sure  of  the  sitJes  gradually  bringing  them  close  up  against  t 

the  sets.     Other  laggings  are  driven  forward,  inclined  as  ^own  f 

iit  dt  and  a  small  quantity  of 

pound  es»Tat«d  in  front  of  I, 

uutil   room     i&     obtained    for 

uiother  set,  Hhon-n  in  poeition 

w/.    When  this  has  been  in- 

^«ited,  laggings  will  be  driven, 

iiK-'liaed  outwards  as  before,  for 

«  rimilar  length,  and  the  process 

fflpeated    until   tlie  gi-ound    is    ' 

passed  through. 

If  the  material  is  very  loose,  ■ 
iliese  tagging^  will  have  to  be 
'Iriven  near  together,  and  the 
jutots  between  them  made  aa  close  bs  possible,  and  occasionally, 
ill  some  cases,  the  ground  at  the  back  of  the  road  will  have  to 
be  supported  by  planks,  strutted  against  the  iirst  set. 

The  objection  to  this  system  is,  that  in  spite  of  every  care,  a 
•quantity  of  material  oozes  through  the  joints  in  very  loose  ground, 
ienving  large  empty  spaces  behind.  To  prevent  this,  the  system 
OQ  the  Continent  is  to  till  the  face  and  the  floor  with  a  series  of 
woical  wedges,  driving  these  forward,  and  so  making  progress. 
The  sides  and  the  roof  are  supported  by  laggings  and  sets,  the 
former  driven  in,  in  the  same  manner  as  in  spilling. 

Iron  and  Steel  SupportB. — So  far  aa  props  are  concerned,  no 
great  success  has  yet  been  obtained,  although  in  some  instances 
they  are  largely  used.  The  fi.rst  cost  of 
eiciier  iron  or  steel  is  always  so  much  larger 
ihan  that  of  wood,  that  if  metal  props  are 
«mployed  it  is  absolutely  essential  tliiit  norie 
should  be  lost.  If  they  are,  the  ecoin-niy 
r«'&nlting  from  the  decreased  breakjige  i^ 
more  than  counterbalanced, 

C'ftst-u-on  props  have  been  tried,  btit  \v.wi' 
Dot  met  with  much  favour.  They  are  xiim- 
whut  eojaly  broken,  very  heavy,  and  coii-.t  - 
qviently  dear. 

Ordinary  steel  gii-ders  of  the  H  form,  if 
used  afi  props,  present  a  shai-p  and  iineiiij 
surface  to  the  roof,  or  floor,  or  to  timber  liiis. 
Firth's  arrangement  removes  this  ilifliculty. 
A  piece  is  cut  out  of  the  web  at  each  end 
<Fig.  146),  and  a  But  top  and  bottom  formed, 
by  turning  over  the  top  and  bottom  flrtn;;en 
until  they  meet  (Fig.  14;).  In  iidditiun, 
holes,  a,  a,  are  punched  in  the  web  about  a 
foot  from  each  end,  int«  whicli  a  hook  may  h 
-withdrawal  of  the  prop. 


Figs. 
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inserted  for  the 
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The  gnUxet  mppHtstkn  of  steel  girders  in  English  dudcs  ii 
nplM«  Um  tuaber  bus  used  on  ordinary  seU,  retaining,  how< 
«T«r,  tfa*  two  nrtickl  wooden  props.  It  ia  abTious  that,  as  the 
kwir  Soogo  of  the  ginler  is  smooth,  and  cannot,  be  notched  like  » 
tunber  bar,  if  there  is  any  side  prefsure,  means  have  to  be 
Mlopt«d  to  keep  the  props  in  their  correct  position,  and  prevent 
them  hon  being  polled  inw&tds.  ThiR  is  done  in  a  very  simple 
nuuwer.  Abont  4  to  6  in.  from  each  end  an  ordinar}-  chair  ia 
fixed  on  by  the  bUdamitb,  this  consisting  of  a  short  piece  of  bar 
iron  about  i  in.  bv  ^  in.,  crossing  the 
bottom  Songe,  and,  tnmed  round  at 
each  end,  gripping  the  upper  side. 
The  enhirged  sketch  (Fig.  14S)  is  a, 
transverse  section  on  line  a  &,  Fig.  149. 
Any  common  scrap  iron  can  be  nsed 
for  thia  porpose.  The  chairs  are  placed 
in  position  before  the  bar  goes  down 
the  pit,  and  the  labour  cost  for  each 
girder  for  such  addditiou  is  jd. 
The  auth(»'  baa  had  considerable  experience  of  the  utility  of 
these  at«el  supports.  For  bars  up  to  7  ft.  long  a  section 
measaring  5  in.  by  4  in.  bjr  |  in.,  weighing  66  lbs.  per  yd.,  b 
emplf^md,  these  costing  g-iRs.  Tltey  teplaced  oak  bars,  measuring 
6^  in,  quarter-girth,  costing  >.66«.  The  price  of  steel  was, 
therefore,  349  tunes  that  of  wood.  As  an  experiment,  lengths 
of  roftding  were  limbered  alternately  with  wood  and  steel  (bars 
only,  timber  being  used  as  pivps),  but  before  nny  definite  results 
could  be  observed,  the  district  tit-ed,  was  dammed  off  and 
abMidoned.  After  a  lapse  of  nine  montlis  the  roads  were 
reopened,  and  it  was  then  found  that  the  steel  bars  had  scarcely 
suffered  at  all,  only  a  few  being  displaced  through  their  timber 
supports  breaking.  Owing  to  the  f.^leit  I'oof  at  places  where 
timbor  bars  had  be«n  set,  over  ;£ioo  in  wages  was  spent  in 
repairs,  which  would  have  been  unnecessary  had  steel  bars  been 
employetl  throughout,  and,  in  addition,  the  first  cost  of  the 
timber  was  entirely  lost.  On  a  main  haulage  road,  12  ft.  girders, 
of  a  section  6  in.  by  4i  in.  by  J  in.,  weighing  78  lbs.  to  the  yd., 
and  costing  10.95a.  each,  have  been  employed,  replacing  timber 
ban  9  in.  quarter  girth,  costing  9*.  each.  The  first  cost  of  steel 
waa  hero  3.33  times  that  of  wood.  The  date  of  fixing  each  girdei 
was  noted,  and  numerous  instances  could  be  given  of  their  lat-ting 
out  from  three  to  four  setn  of  timber  before  removal.  Two 
especially  may  be  instanced ;  they  wei-e  fixed  at  a  junction,  whei« 
the  pressure  was  very  heavy,  and  actually  stood  for  13  weeks 
before  removal,  while  the  longest  time  an  oak  bar  lasted  in 
the  same  place  wn.s  a  fortnight :  many  failed  in  a  week,  and 
it  was  quite  useles.s  putting  in  Norway  timber,  as  it  bioke  in 
two  days. 

If  the  steel  bars  were  worthless  on  removal,  the  actual  cost  in 
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Fl<!3.    150  i 


m  tbon  hmtnnfHw  would  be  le&a  than  timber,  but  all  that  haa 
a  IB  to  take  them  out  and  straighten  theni.aDiI  then  they 
n  fncticahj  new.  Their  advantages  are  not  so  apparent  where 
■  s  »  h>ng  while,  but  with  heavy  pressures,  and  in  return 
■ir-wayB,  they  are  far  superior.  They  must  bo  set  very  care< 
iuliy,  with  an  equal  level  bearing,  both  on  props  and  to  roof ;  if 
not,  they  turn  over  and  present  their  weakest  side  to  the 
pmsme.  When  they  take  a  permanent  bending  set,  the  best 
tiuEgto  do  is  to  either  turn  tbera  over,  or,  if  the  bending  is  laige, 
I  rtmore  and  straighten.  With  these  precautions,  the  author  haa 
I  Mrer  had  one  break  yet. 

On  the  Continent,  complete  frames  of  steel  are  largely  used. 
la  some  cases  they  are  composed  of  two  pieces,  the  top  portion 
bent  into  the  shape  of  an  arch  r\  and  connected  at  the  summit  by 
i^fi-plates  and  bolts,  the  lower  end  resting  on  an  iron  shoe  fitted 
to  a  wooden  baulk,  timber  lags  being  driven  behind  the  frames 
igaitist  the  sides  of  the  excaration.  Elliptical  shaped  sets  ore 
ik>  employed,  but  the  common  form 
i.' composed  of  two  piece.*;  of  circular 
stiipe  Q.  Instead,  however,  of  making 
tlia  joints  with  fish-platct^,  the  frames 
ve  connected  together  by  a  sliding 
iron  collar,  which  is  secured  in  its 
place  by  driving  between  it  and  the 
frame  two  piecas  of  wood  like  rail  keys. 
Figs.  150  and  151  show  the  appiifutii 
o(  mich  a  joint  at  Firminy,  where  t 
pit  tails  are  used. 

At  Lens  timber  lags  have  been 
away  with,  and  small  strips  of  channel 
steel,  about  z  in.  by  §  in.,  used  in  their 

place  Another  advantage  of  tteel  is  that  it  doe^  not  occupy  so 
much  space  either  as  tiuibor  or  masoni}  and  eithet  a  greater 
eflectivo  aiea  of  roadwav 
fur  the  same  amount  of 
excavation  is  secured  or 
the  cost  of  dining  the 
load  IS  reduced  betause 
les<<  excavation  is  required 
to  get  the  same  ellective 


For  peimanent  sitna 
tions  where  girdei's  at  e 
pi  iced  on  masionry  side 
walls  considerable  ecoiDuiy 
results  The  uoi-st  featui'e 
about  an  arch  is  the  large 
Lnt  of  space  which  is  lost  through  the  semicircular  foim  at 
I  top      Taking  an  ordinary  roadway  (Fig    15a),  occupied  by 
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two  tubs,  an  arch  has  to  be  eo  made  that  the  carve  of  its 
uppH-  pwtion  allows  the  tufas  to  pass  through  without  catching, 
and  aa  a  result,  a  hi^h  bpaoe  exists  in  the  centre,  whton 
not  only  costs  a  lot  o[  money  to  excavate,  but  series  no  useful 
purpoee.  If  a  giriJer,  n  6,  be  placed  on  the  top  of  the  walls, 
the  escavatioD  of  the  ai«a,  a  b  e,  which  contains  4.28  cub.  yds., 
becomes  unnecessary,  and,  in  addition,  the  cost  of  the  bride- 
work  will  be  sa^-vd.  In  the  itlustrauon  under  notice  this  will 
BBiount  to  3.0S  cub.  Td:^.  per  lineal  yd.,  whi^  will  cost  for 
labour,  material,  and  mwtar  quite  39.321.  Against  this  has  to 
be  put  the  price  of  the  girder,  amounting  to  30.95a  One  of 
these  will  be  required  for  eadi  lineal  yard.  The  girder  and  side 
walla,  tbenfcce,  effect  a  saving  in  fii^  cost  of  8.3;*.  per  yd.  run 
ia  natcrial,  to  whiofa  haa  to  be  added  the  induced  cost  of  the 
extavation,  in  Utia  caso  at  kacA  I4-9S<. 

SirAe  walk  aod  giidets  an  not  ao  a^Ue  of  resuitinf;  dde 
^rasnre  aa  aa  anfa,  hot  this  difieolty  can  be  overcome  by 
taming  snail  brickirack  aicbea  in  between  each  girder  (Fig.  153) 
ia  the  saaw  way  ••  ia  done  wilk  fireproof  floors  of  buUdii^ 
"ma  ia  a  uvtain  anoont  of  spring 
Btoel  ^rAen,  and,  wbea  we^bt 
■aea  Ml  to  thaas  saMilarebea,  tliera 
k  a  nek  tkat  the  gMaa  will  bulge  in 
'ddK  aB<  aUov  the  arch  to 
Ih  ftvnutt  tbk  b^fieoiBg^ 
tie-rods  (a,  Rg.  153)  a>«  plaead  aenaa  mm  giiier  b»  giider. 

KaUBiT.— FSer  aO  pec^i^nt  -p*— ^i'?»i.  Haaring  tfaa  sidn 
with  naaaary  still  Cuds  graatest  Ea*«ar.  It  is,  perfaapa,  BMra 
wxpeadn  to  put  in  Har  rsaanat  ahaady  stated — via.,  the  groater 
exotniMB  nquired.  bcth  for  the  ■ssnaiy  iftf,  aad  to  obtabt  Uw 
»■*•  rfhttive  area,  bol  wbea  imusiaJ  to  stand  for  awny  jeaza  it 
aaaaetbaaanaMeiL  Iti^howaau,  aawiyto^kathelini^ 
na  aU  toaad  the  nad.  Ika  pcaetiee  tf  baiUiBg  aadiM 
t  ia  aoa  to  be  lawaa— aJeiJ;  if  an  anlisw«xth 
I  IB  at  a"  '    ' 


fic  isj. 


anft  aaAiag  laatwial,  saf h  as 
thehaiagandtheamta.    Se 


ThaNtoedactm  ef  a  Mft  aaterid  beiwtga  t 

the  itiata  act  «aty  -lisaribaMa  A*  hmw  o _^. 

aef  b•«dt««fkaa4f(«rMtsleaJw«gh^b^M■t  gi^^Bf 


jNa  taaiptaflMJ,  acts  aa  a  ratwtiay  — dia»  iladt.    Tk 

rtwaMaol  bo  too  mnh  aar  agM  ta*  Mttfe;  fcoH  < 

giwa  the  hart  lanha.    Tb  ahawhaw  iaMMMt  it  ■;  tl 

M  iLi|isisaasl>  asa^  %  the aaAtr  ^^^  —y  ho  dted.    Twa 

M(Ma««o  hagtba  «i  7  n.  aivh  wet*  baste,  aw    iS  in.  th^ 

fmcki4  »M  a  hot  «t  mw^  aad  the  ethar.  m*  h*  t^a   iS  ia. 
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;  made  eoUi!.     The  latter  waa  crushed  to  pieces  and  had  to  be 
in  a  year;  the  former  is  still  io  and  does  not  show  a 

_"  The  shapes  of  arches  are  many.     The  circular    form    is  the 
■troogest,  bat  refiuirea  do  much    escavation   that  it    is  Beldom 
employed.    An  ellipse  is  perhap:^  the  next  strongest,  but  this  again 
reqiuKS  a  large  space.     The  form  geneniUy  adopted  is  a  combina- 
tioa  of  the  two.     The  side  walls  and  top  usually  form  part  of  one 
carve,  struck  with  a  radius  equal  to  half  the  width  of  the  road,   , 
while  the  ioTert,  or  bottom,  is  a  portion  of  another  circle  hating  I 
a  larger  radius.     This  ties  the  whole  structure  together,  and  pre-   J 
Teotfi  either  the  bottom  lifting  up  or  the  sides  heaving  in.     Two  ] 
forms   adopted   by  the  author  for  a  single  and  double  way  a 

FiOB.  154  AND  155. 


'iAowB  in  Figs.  154  and  155.  They  do  not  contain  any  straight 
Eneo.  In  the  12  ft.  arch,  all  the  portion  above  the  invert  is  pttrt 
of  A  drcle  to  radius  6  ft.,  while  the  7  ft.  arch  contains  portions 
of  four  cii-cles — i.e.,  the  two  side  walls  and  invert  to  radius  7  ft., 
aud  the  semi-circular  upper  part  to  mdius  3  ft.  6  in. 

These  arches  are  put  in  in  lengths,  which  vary  with  the  nature 
of  ground ;  6  to  9  ft.,  with  a  bad  roof,  up  to  5  to  7  yds.,  with  a 
strong  one. 

The  first  procedure  in  putting  in  arches  is  to  remove  the  ground ; 
to  do  so,  two  methods  are  in  vogue.  In  one — the  general  English 
erstom — a  small  road  is  driven  right  at  the  top  of  the  arch,  and 
the  ground  excavated  on  each  side  and  downwards,  while  in  the 
other,  the  first  road  is  driven  at  the  base  of  the  arch  and  the 
ground  removed  upwards. 

In  timbering  the  ground,  the  peculiar  point  is  that  all  the  main 
|>ieces  are  set  parallel  with  the  axis  of  the  road,  and  nob  trant- 
versel'/,  the  reason  forauch  departure  from  the  usual  practice  being, 
tbal  as  the  masonry  is  brought  upwards  all  the  timber  has  to  b<» 


I 


TEXT-BOOK  OF  COAL-MININO.  ^^^ 

removed,  and  this  could  not  be  done,  especially  in  the  upper 
portion,  where  the  two  walls  are  approachiDg  each  other,  unless 
it  lay  in  the  same  line  as  the  brickwork.  Another  point  is,  th*t 
if  trees  have  to  be  set,  as  they  frequently  have,  in  the  middle  of 
the  excavation,  the  emaller  end  Kbould  be  placed  downwards,  the 
reason  of  this  being  that  when  the  masoniy  in  the  invert  is  built 
round  them,  other  props  are  set  on  the  brickwork  to  the  point 
they  ore  holding  up,  and  then  those  going  through  the  masoniy 
are  drawn  out,  and  if  the  linger  end  were  downwards  it  would  be 


FiQS.  156,  157,  15S  i 
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mpomble  to  do  ao.  The  neltod  of  timbering  »ffl  b«  undeistood 
by  «i«oiinms  Fig..  156-9,  whicb  illmtrat.  the  po.itioii  0!  affaira 
.t  two  .t»g«,  of  the  operatioiu.     Supposing  m  Kg..  156  and  .  =7 

T  ??,S-  '■"i'**;  ^i"'°'  "■•  "  '»»"»'  '<  e?»"»'l.  'town  bv 
the  dotted  hne,,  ha.  to  be  exoavated,  the  6r«t  procedure  ia  to  »t 
too  long  baa-.,  .^,  oa.  end  of  which  reat.  00  th,  aid,  alreadv  put 
m.  s.  and  the  other  on  „  timber  a.t,  /,  placed  in  the  head.  Tbea. 
two  will  piobably  be  counectrf  by  a  .trot,  S.  Th,  g,^„„d  ,riU 
then  be  e.cavnted,  hi.t  on  the  aide.,  and  other  longitSnal  baii 
.  c,  put  „,  c.nn«,ted  to  the  other  two  by  rtmf,  d%  and  b.S 
theae,  laga  wJl  be  placed  if  the  etouud  reouirHt  it  a.  .u-  . 
Fig,.,i6„d.5,V»ntth.7..i»:Si^t^.'t™ltg 
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tndiual  pieces,  e  e,  being  supported  by  small  temporary  props,  ( 
set  on  the  floor. 

As  the  excavation  proceeds  dowDwarilR,  the  pi'ops  «  e  are  removetl, 

as  soon  as  space  is  obtaiDed  for  other  lougitudiual  pieces.     Ttiis 

lirocesswill  be  repeated  until  a  complete  lining,  consisting  of  lonf^i- 

tudiiutl  bars  and  cross-struta  between  them,  exists  all  round  the 

eii«viition.     In  heavy  ground  the  longitudinal  piecea  are  often 

cmnecied  by  transverse  bars  (a  a.  Fig.  i58)and  in  addition  vertical 

)>rops,  6  6,  are  set  between,  until  at  the  completion  the  work 

l)n*ents  the  appearance  shown  in  Figs,  158  and  159, 

Tlie  masonry  is  now  commenced.     First  of  all  a  lining  of  sand 

^^    is  sprtad  in  the  bottom,  and  shaped  to  the  curve  of  brickwork,  of 

^^L  courieat  the  proper  gradient.     A  wooden  frame  or  "template," 

^H  lude  of  the  exact  shape  of  the  finished  inside  dimensions  of 

^^B  Ue  invert  and  side  walls,  is  fijced  at  such  a  height  above  this 

^V  and  as  will  aUow  the  thickness  of  the  brickwork  wliich  is  going 

r         t 
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to  he  Hsed  to  be  pkced  between  it  and  the  sand.  The  first  ring 
of  masonry  13  generally  laid  dry.  Operations  commence  at  the 
centre  line,  placing  the  longer  length  of  the  brick  parallel  with  it, 
and  adding  successive  rows  on  each  side  until  a  point  (b,  Fig.  160) 
is  reached.  This  distance  is  such  that  the  ends  of  each  ring  when 
joined  form  a  straight  line,  pointing  towards  the  centre  of  the 
circle,  of  which  the  invert  is  part  (6  a,  Fig.  160).  The  sncoeed- 
ing  rings  are  put  on  by  spreading  a  good  bed  of  mortar  over  the 
one  first  laid,  dropping  the  bricks  down  a  few  inches  away  from 
the  position  they  will  eventually  occupy,  and  then  slipping  tbem 
along  until  they  get  into  their  proper  places.  By  doing  this,  not 
only  is  the  excess  of  mortar  in  the  bottom  pushed  away,  but  a 
quantityis  gathered  up  into  the  end  and  side  joints,  and,  in  addition, 
close  contact  between  the  mortar  and  brick  is  made.  This  pro- 
cedure is  repeated  with  each  layer  until  all  the  invert  is  put  in. 
KThe  building  of  the  side  wall  now  commences.  The  point  a  b  (Fig. 
i]  is  the  weakest  in  the  arch,  so,  oh  a  compensation,  the  brick- 
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work  is  increased  in  strength  there  (see  also  Figs.  154  and  1 
With  the  exception  of  the  wnaU  portioa  of  masonry  croes-eh; 
on  the  left-baud  side  of  Fig.  16 1,  all  the  brickworkin  arches  is  laid 
in  etretcher  courseB,  but  for  this  small  piece  Englidh  bond  is  used, 
and  the  bricks  in  each  course  are  alternately  at  right  angles  to 
those  of  the  invert,  and,  as  they  are  laid  horizontally,  have  to  be 
out  into  the  shape  shown  enlarged  at  A.  When  the  point  a  a 
(Fig.  t6i)  is  reached,  the  bricks  are  laid  longitudinally  again,  hnt 
to  obtain  the  proper  curve,  cw/pert  or  urch  bricks  are  employed  for 
the  first  course.  Each  ring  is  kept  perfectly  separate  from  the 
others,  that  is  to  say,  they  are  not  bonded  together. 

When  the  side  wnlls  hiive  reached  their  proper  height,  the 
centres  will  be  set,  laggings  put  on,  one  by  one,  and  the  brick- 
work gradually  brought  round  until  the  two  sides  nearly  meet. 
To  cloae  up  the  top  property,  the  mason  should  be  outride  the 
arch,  but  as  this  is  impossible  in  mines,  the  difficulty  is  got  over 
•s  illustrated  in  Figs.  161  and  163.  When  the  space  between  the 
two  sides  diminishes  to  about 
2  ft.,  or  such  width  as  a  man 
can  conveniently  work  in,  two 
gi-ooved  laggings,  a  a,  are  put 
on.  TTp  to  this  time,  the  masons 
have  laid  the  courses  [nrallel 
with  the  direction  of  the  arch, 
they  now  put  the  remainder  in 
transversely,  but  still  keep  the 
longer  axis  of  the  bricks  in  the 
same  direction.  Commencing 
near  the  length  already  in,  the 
man  l;.j-sa  strip  of  iron  (6.  Kg. 
161  and  No.  i,  Hg.  163)  in  the 
groove  of  the  laggings.  He  then 
nukes  up  the  smuJl  portion, 
supporting  it  on  No.  t  iron, 
ntim  backwards,  puts  on  another  iron  No.  i,  and  keys  in  the 
part  between  Ko.  I  and  No.  2,  goes  buck  again,  puts  on  No.  3, 
■i\d  repmts  th»  prooecai,  until  the  length  under  consideration  is 
secured. 

Instead  of  using  timber  c«nlr«s.  which  block  up  the  upper 
portioa  of  th»  road,  the  author  has  invariably  employed  iron  od^ 
^tioh  poBJWs  the  gni«t  adrautngv  not  only  of  being  light  and 
■■■il]rfim^bu(i^eoo(tMviDsllu><vatnof theroodfree.  Inaone 
"  *  '  B  namboiH  oMnilwaTTaib^dnwadBto 
'm  ntWa  tt  «agt»  uoo,  at  the  bast  j  wjuch  | 
«  ntam  idkto  almit  6  IB.  •(}.  »  pbMd  («v  Rg.  t6i)  and  aaewad  to 
th*Mi«)oiroakgrasaMllgiBaMsu>y,A  TW  U^iiags  cnpkmd  ; 
an  wuMUy  abo«t  3  is.  tUck,  %mi  i«  Moet  ba  rwac»bMwil  ttet 
fewiM  tlM  lUdMK  ot  ikM*  bas  l»  U  A«*ac»»d  fnm  tbe  d 
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of  the  arch  to  find  the  w^te  of  centre^!  required,  therefore,  with  a 
I!  Ft.  arch. the  cental  should  measui'e  u  ft.  6  in.  With  iroij 
WQtres  the  author  hae  put  in  over  roo  yds.  of  u  ft,  an^hiog  in 
ttB  main  rood  of  a  collieiy,  and  never  stopped  drawing  through 
iUdngle  day. 
Arrftagement  of  Inset.— In  the  great  majority  of  ca.>(e6,  the 


to  be  brought 


(mply  tubs,  after  being  removed  from  the  a 

bntt  by  the  sido  of  the  pit 

■li  .ft,  md  for  such  I'eflson  t  lie 

'   iiging-on     place    is    mtide 

>  lint  than  the  dinmeter  of 

rlie  shaft,  indeed,  it  ia  usual 

■  I  [irovide  a  pnsRage  on  both 

-.  ii..    The  hhuft  brickwork 

ii.ii  the  arching    are    best 

<^"llnerted  by  "  belling  "  otit 

ibfl  former,  as  shown  in  Fig. 

16*,  this  being  by  far  tho 

-tmn^est  consti'uction,  and, 

in  siidition,  room  is  provideil 
fur  bearers,  to  which  either 

piide  pulleys  for  haulage 
fDpes  or  main  supports  for 
mer  or  st«am  pipes  can  be 
attached.  A  sump  frame,  a  ' 
»ill  be  provided  to  recei' 
mA  keep  the  cage  steady 
■bile  changing  is  going  on, 
tod  if  two  or  more  decks  tre 
used,  another  frame  of  cross- 
bearers,  c  d,  will  be  put  in. 
On  the  Intter  the  cage  re,=ts 
during  changing,  aud  as  it 
drops  there  with  considerable 

'one,  Mr.  Emerson  Bainbridge  has  employed  wptral  springs  a(. 
Nunnery  Colliery,  Sheffield,  which  are  simply  let  into  the  bearers 
•nd  receive  the  cage  (Fig.  165)-  There  are 
fit  springs  fo  each  cage,  each  9  in.  long  by 
si  in.  diam.,  made  with  9J  coils  of  j  in. 
Meel.     All  jar  and  shock  is  avoided. 

The  arrangement  of  the  tramways  at  the 
pit  bottom  should  always  be  such  that 
fiDiD  the  point  where  the  full  tubs  are 
removed  from  the  haulage  rope's,  to  that  where  the  empty  ones 
*ie  Rgain  attached,  the  motion  should  be  due  to  gravity  alone. 
Td  «  certain  ertent,  where  engine  power  is  available,  it  is,  com- 
paratively speaking,  an  eaay  task  to  haul  the  tubs  to  such  a  height 
abore  the  hanging-on  place  that  a  regular  fall  is  obtained  towards 
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the  shaft  for  the  full  tubii,  tuid  a  fall  in  an  oppoaite  direction  for 
the  empty  ones.  The  landings  are  technically  called  "  kipe,"  uid 
it  is  advisable  that  they  should  be  ai>  long  as  possible^  so  as  U>  gA 
standing  room  for  a  large  quantity  of  tubs ;  winding  may  then  p) 
on,  up  to  a  certain  limit,  even  while  the  haulage  machiiiM)'  i* 
standiog. 

The  question  of  cnging  the  several  decks  simultaseouBly  it 
treated  of  in  Chap.  IX,,  and  all  that  will  be  done  here  id  U> 
deeeribe  the  opei-ation  of  getting  the  tubs  (waggons)  to  the  nfft- 
nituB  wied  for  this  purpose.  The  best  plan  is  to  arrange  tbe 
shaft  at  one  extremity  of  the  main  haulage  road,  and  hsol 
the  tubs  by  meclianical  means  to  the  point  a  (Figs.  i66  ani 
167) ;  the  full  road  in  then  laid  at  a  slight  inclination  (about 
J  in.  to  the  yd.)  towards  the  shaft,  the  tube  gravitate  there, 
and  are  placed  on  the  ca^  by  un  onsetter.  The  empty  uhH 
gravitate  away  from  the  shaft  down  the  slope,  b  e,  having  a 
grade  of  3^  in.  to  the  yd.  to  give  the  required  speed,  along  • 
slight  flat,  c  d,  and  then  np  the  incline,  d  e.     The  tubs  will  DOt 


i 
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proceed  far  up  d  e,  but  do  so  for  some  distance,  owing 
momentum  they  have  gained  coming  down  b  c,  and  travel  joA 
far  enough  to  dear  the  points  at  d.  As  the  slope  b  against  tlw 
tubs,  their  direi^tion  of  motion  is  changed,  and  on  their  retan 
down  e  d,  they  are  switched  off  into  a  road  to  the  left,  having  ■ 
down-bill  grade,  pass  by  the  side  of  the  shaft  to  the  point  f, 
where  they  are  again  attached  to  the  haulage  rope,  and  procetd 
into  the  workings.  From  the  time  the  tuba  leave  the  ropest  » 
to  the  time  they  are  again  attached  at  g,  no  labom-  b  necesaarr, 
the  movement  being  quite  automatic. 

Mr.  M.  H.  DoughiK*  has  desrHbed,  in  an  cxcellenl  'pt^f^i 
sever&l  systejus  of  laying  out  abaft  kips,  all  of  which  are  worUif 
of  study.  One,  however,  needs  special  mention,  where,  owing  to 
the  inclination  of  the  seam,  caging  takes  place  at  two  decks  simiil- 
taneoualy,  without  the  use  of  any  balance  arrangement  (fig. 
16S).  There  ure  two  shafts,  about  40  ft.  apart,  each  sunk  to  the 
same  seam,  and  two  engine  planes,  each  fitted  up  with  a  doubit 
line  of  rails.  The  coals  haidcd  out  of  the  No.  1  engine  plane  «* 
drawn  above  tlie  switches,  s.and  lowered  down  into  the  road,a!/i 

required,  and  are  hung  on  exclusively  at  the  high  level,  thenwl 
*  Brit.  Soc,  Min.  Stud.  i.  443. 
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(beiDgased  for  No.  i,  and  z'  for  No.  2  pit.  In  airanging  the 
Inade  for  tbe  removal  of  the  empties,  advantage  was  takeii  of  the 
■  Utunl  dip  of  the  seam,  the  road  >j  being  used  exclusivaly  for 


So.  I,  andy  for  No.  a  pit.  The  same  method  is  pursued  with 
>hf  kaU  hauled  out  of  the  No.  2  eagiae  plane,  with  the  exception 
thutheea  tubs  are  used  entirely  at  the  low  levels,  the  gradient 


Figs.  169  Ajfu  17a 


ij^ig  formed  by  driving  stone  drifts  for  the  fall  and  empty  roads 
«e  Mgh  and  low  levels  differ  in  height  exactly  8  ft.  The  skatch 
plains  itself,  if  it  is  remembered  that  the  tubs  from  No.  i 
*°eiiie  plaui!  feed  the  top  decks  of  both  pits,  while  those  from 


I 
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Ko.  2  engine  plane  feed  the  bottom  decks.  The  only  objecLi 
to  such  a  system  is,  that  equal  quantities  of  material  must 
drawn  by  each  engine  plane. 

The  iiufet  at  No.  5  pit,  Bimcoup,  Belgium,  affords  a  fine  eiamp 
of  the  automatic  and  continnoos  movements  of  the  tuba  in 

direction.     The  landing  is  laid  with  a  double  line  of  rails, 

pa«sefi  tlirough  the  centre  of  the  shaft,  parallel  with  the  long^^^ 
axis  of  the  cage  (Figs.  t69ajid  170).     From  each  end  of  it  brand^H 
off  two  aide  roads,  each  laid  with  a  single  line  of  raib ;  one  ee^^* 
pixfceeds  towards  the  north,  and  the  other  towards  the  south-  ■— ! 
The  two  roads  to  the  north,  and  the  two  roads  to  the  south,  ris^v^ 
from  the  shaft,  and  each  pair  unite  at  a  point  about  100  yds — 
above  the  level  of  the  pit  bottom,  where  the  motive  pulleys  of  th0 
haulage  are  fixed.     Roads  branch  off  level  to  the  east,  and  further- 
junctions  are  arranged,  as  shown  in  plan  (Fig.  170),  each  Laving- 
separate  wheels  on  vertical  shafts.     Two  endless  chains  exist  in 
the  roads  driven  to  the  rise,  one  on  each,  and  these  pa.w  round  the 
motive  pulleys.     The  full  tubs  descend  towards  the  shaft  in  one 
road,  and  the  empty  tube  return  from  it  in  the  other.     The  same 
chain  passes  upon  pulleys  on  the  upright  shaft,  a  a',  and  also 
round  the  return  pulleys,  b  b',  c  d,  hituated  itt  the  two  extremities 
of  the  inset,  and  passes  through  the  shafts  n-ithout  interfering 
with  the  cagBK,  or  even  with  the  movement  of  the  tubs  in  the 
hanging-on  place,  as  the  tubs  gravitate  from  &  to  q.     The  appli- 
cation  is  remarkably  simple  and  efficient,  a   noteworthy  point 
'jeing  that  the  direction  of  motion  of  the  tubs  is  never  changed, 
except  at  the  working  face.      The  plan  explains  this;  the   pit 
bottom  occupies  the  lowest  point,  the  dotted  lines  represent  the 
chains,  and  the  an-ows  the  direction  of  motion. 
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|flie  Two  Main  Systems.^ Broadly  spealdng,  there  are  two 
~'  B  of  miniiig  coal,  called  "  bord  and  pillar,"  and  "loiig< 
Outside  the  North  of  England  and  Scotland  the  former 
!■  bnt  little  practised  in  this  country,  while  the  latter,  which 
iriginally  took  its  rise  in  the  Midlands,  is  of  very  extended 
jijilicatioa.  Endless  modifications  of  each  eyatem  are  employed, 
"till  the  two  gradually  merge  into  each  other,  until  it  becomes 
lu^iOKible  to  say  to  which  system  some  methods  belong.  The 
''Djency  of  the  present  day  is  to  employ  longwall  more  and 
Uiore,  and  this  method  is  slowly  but  surely  superseding  every 
other  one.  There  are,  however,  some  seams  which  it  would  be 
intposfdble  to  work  longwall,  that  is  to  say,  at  any  reasonable  cost. 
Shaft  Pillar  and  Subsidenoe. — It  is  necessary  that  a  certain 
vn  of  coal  around  the  shafts  should  not  be  worked,  but  should 
rauAia  to  afibrd  support,  and  to  prevent  any  lisk  of  what  is 
Imown  as  "  ci'eep."  It  ia  impossible  to  give  any  general  rule  by 
whidi  the  size  of  shaft  pillars  for  given  depths  may  be  determined. 
Ererything  depends  on  the  nature  of  the  beds  overlying  the  seam, 
die  iiuilination  of  the  strata,  the  nature  of  the  floor  and  roof,  and 
tlie  question  of  stowing  the  excavation. 

It  is  hard  to  prevent  creep   in   seams  having   a  soft   floor, 
ttg^edally  if   water  is  present.      The  pressure  on  the  pillars  of 
no]  forces  up  the  soft  underclay  in  the  roads  between  the  pilla 
Wlien  once  this  action  commences  it  is  most  diHicult  to  stop, 
to  keep  the  roads  open ;  everything  seems  to  be  on  the  mo' 
Perhaps  the  only  method   of  prevention   in   longwall   work   ia 
efficient  and  close  packing ;  leaving  hirge  pillars  is  not  sufficient,  as 
ib,  J.  A.  Lougden*  mentions  an   instance    of    a    Derbyshire 
colliery,  520  yds.  deep,  where  the  shaft  pUlar  was  260  yds.  broad 
by  80a  yds.  long,  the  mine  being  flat,  and  yet  creep  came  on  so 
seriously  that  great  fears  were  entertained  that  the  shaft  would 
be  lost.     The  pit  bottom  arching  had  to  be  put  in  three  tunes, 
finally  with  layers  of  oak  and  brickwork  alternately. 
•  Brit.  Soc.  Min.  Stud.  xii.  127. 
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The  working  of  beds  of  coal  alwaye  lovers  the  overlj^n^  stntt, 
giving  rise  to  what  is  known  as  "  subsidence.*'  A.  certain  height 
is  taken  out,  and,  although  the  excavatios  may  be  dlled  «itli 
material,  euch  packing,  even  at  the  be«t,  is  loose  compared  willi 
the  solid  coal  originally  existing.  The  gob  is  compressed,  and  thf 
overlying  strata  and  the  surface  sink  down.  If  the  area  of 
subsidence  was  limited  to  the  strata  immediately  above  theiRi 
worked,  the  problem  of  determining  its  direction,  if  not  iu 
amount,  would  be  easy,  but  even  in  level  meoaures  the  disturb- 
ance eitenda  beyond  the  Ijmat  of  the  escavation. 

With  inclined  seams  the  fracture  of  the  bede  never  takes  pl»« 
in  a  vertical  dii'ection,  but  always  in  a  plane  approaching  ^ 
perpendicular  to  the  inclination  of  the  strata.  M.  CtJloD* 
advocated  the  theoiy  known  as  the  "  Normal,"  that  subsideoK 
takes  place  at  right  angle.s  to  the  planes  of  stratification,  ind 
extends,  without  sensible  diminution  in  amount,  right  up  to  tbi- 
surface,  whatever  may  be  the  depth  of  the  beds.  M.  Dumont.f 
after  an  exhaustive  examiuation  of  the  district  around  Li^, 
expressed  a  similar  opinion,  but  the  Colliery  Owners'  Afsocidtioot 
afterwards  drew  up  a  reply,  advocating  that  "  the  law  of  the 
Nonnal "  does  not  hold  good  where  the  strata  are  highly  inoliaed. 
The  whole  subject  was  reviewed  by  M.  Fayol,§  who,  in  addition 
conducted  numerous  experiments.  He  points  out  that  the 
theory  of  tho  Normal  is  based  on  the  erroneous  eruppositioc  &>i 
beds  break  at  riglit  angles  to  the  planes  of  stratification,  and  attlie 
perimeter  of  the  excavation  :  but,  from  actual  experiment,  be 
found  that  the  plane  of  fracture  ie  a  more  or  less  inclined  one. 
After  describing  numerous  experiments  made  onelabonLte  models, 
and  instances  of  the  result  of  mining  operations,  M.  Fayol||  staW 
that  in  stratified  deposits  the  »>ne  of  subsidence  ia  geoenllj' 
limited  by  a  sort  of  dome,  which  has  for  its  base  the  area  of  tfc 
excavation. 

If  the  beds  are  horizoutnl,  the  dome  is  arranged  Bymmetricailj 
round  its  iixia,  which  is  vertical.  Each  of  the  beds  included  in  lie 
dome  sinks  in  the  form  of  a  baein  ;  the  extent  of  the  movetnenl 
diminishes  in  proportion  as  it  is  further  from  the  centre  of 
excavation.  If  the  beds  are  inclined,  the  dome  is  00  lougB 
symmetrical,  and  its  axis  is  inclined. 

•  Ltcturet  on  Mining  (English  translation),  U.  306. 


g  Kole  luT  let  mouvitnenti  ife  terrain  procoqv^ jxtr  Vexploitalion  dot 
800.  Ind.  Mm.,  2-  S6rie,  xiv.  805. 

il  This  paper  is  the  most  important  one  which  has  been  pnblisheil  oa 
the  effect  of  coal-workinij  on  the  Eurface,  and  throws  oonsidarable  U^  on 
what  ia  perhaps  tbo  m'tsC  intricate  problem  in  mining,  and  aboat  whkb 

few  facts  are  known.    A  oarofal  eitract  from  it,  and  bLio  of  f   " ^ 

memoir,  by  Mr.  U.  F.  Bolman,  is  giren  in  Jour.  Brit.  Boo. 
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In  proportion  a^  the  seams  become  more  inclined,  the  axis  of 
the  dome  is  inclined  also,  and  tends  towards  the  horizontal ;  at 
tlie  same  time  the  height  of  the  zone  of  subsideace  tends  towards 
mm.  The  axis  of  the  zone  of  subsidence  is  quite  independent  of 
ilie  terticiil,  and  of  the  normal  to  the  strata.  Yertical,  noiiniil, 
>m  of  fi^^ure  of  dome,  and  line  of  maximum  subsidence,  all 
iflincide  when  the  beds  are  horizontal ;  they  are  distinct  when  the 
beds  are  inclined. 

Wben  the  zone  of  subsidence  crosses  several  groups  of  beds  at 
ruling  iocliDations,  the  axis  of  the  dome  is  deflected  in  passing 
from  one  group  to  another,  and  approaches  to  the  normal  of  the 
croup  in  which  it  is,  Thus,  for  example,  in  beds  disposed  in  the 
'liape  of  a  fan,  commencing  with  the  horizontal,  the  axis  of  the 
woe  of  subsidence,  st&rting  from  the  vertical,  arrives  by  degrees 
it  the  horizontal.  The  dirertiou  of  the  axis  of  the  2oae  of 
^iilwtlence  must  not  be  confused  with  that  of  the  limits  of  this 
!Ooe  (t.9.,  the  circumscribing  lines  of  the  dome).  Sometimes  the 
iris  approaches  in  a  remarkable  manner  the  perpendicular  to  the 
strata,  and  it  is  this  perhaps  which  gave  rise  to  the  theory  of  the 
"  Normal." 

Prom  the  above  considerations  it  follows  that,  when  the  seams 
are  inclined,  shaft  pillars  require  to  be  much  larger  on  the  rise 
side  than  on  the  deep.  The  occurrence  of  faults  must  be  eiirefuUy 
where  they  cross  the  area  affected  the  lines  of  fracture 
deflected  and  proceed  along  them;  sometimes  they  extend, 
at  othera  diminish,  the  area  of  surface  atl'ected. 
Where  the  regular  bed.s  are  covered  with  a  layer  of  soft,  loose, 
Bandy  material,  the  nrea  of  subsidence  may  be  unlimited,  especially 
if  the  deposit  contains  watei'. 

Mr.  Longden*  recommends  for  level  seams  the  leaving  of  one 
yard  in  breadth  for  each  yard  in  depth,  that  is,  a  shaft  aoo  yds. 
deep,  should  have  a  pillar  too  yds.  radius  or  aoo  yds.  diameter. 
This  seems  a  large  amount,  but  the  error,  if  any,  is  on  the  safe 

Arrangement  of  Labour. — Before  describing  the  methods  of 
mining,  some  reference  should  be  made  to  the  two  systems  under 
which  the  labour  is  carried  out.  In  one,  the  miner  not  only  gets 
the  eoal,  but  carries  out  odd  work,  such  as  packing,  repairs  to 
roadways,  Ac,  while  in  the  other,  a  skilled  class  of  colliers  are 
employed  simply  as  hewers  at  the  face,  all  dead  work  being  per- 
formed by  separate  stafts  of  men.  In  the  latter  system,  the  labour 
is  subdivided,  each  class  of  men  carrying  out  special  duties. 

If  the  hewers  are  employed  solely  at  the  face,  a  larger  tonnage 
is  produced  per  man,  and  hence  less  extent  of  workings  is  required, 
with  acorrespondingreductionin  the  cost  of  maintaining  a  smaller 
under  ^mber.     The  face  moves  faster,  the  weight  has  less 
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time  to  break  up  the  coal,  the  root  is  always  "  p-een  "  (or  freali), 
and  there  ia  consequently  leas  liability  to  accideat.*  Elzcept  under 
special  circumstanced,  coal  is  invari&bly  mined  cheapest  where  tbe 
face  bevels  fastest ;  the  exception  is,  »  seam  having  a  very  stnug 
roof  and  floor,  as  here  it  is  possible  to  move  too  fast. 

The  division  of  laboixr  does  not  actually  produce  more  coal  wili 
fewer  men,  for  other  colliere  have  to  be  employed  to  perform  \ha 
work  the  hewers  originally  did.  The  old  out-put  is,  however, 
produced  from  a  smaller  extent  of  workings ;  and,  on  an  avenge, 
about  one-half  of  collieiy  cost  accounts  are  capable  of  reductnm 
in  proportion  as  the  output  is  increased,  and  the  area  from  wbkh 
it  is  produced  is  reduced.  So  far  as  maintaining  roads  ie  coo- 
cemed,  the  chief  point  is  to  see  that  the  gob  ia  carefully  packed, 
and  that  all  pi-ops  ai-e  removed,  so  that  the  roof  can  settle,  and 
not  bi'Bftk  down. 

The  above  observations  do  not  apply  so  strongly  except  in  RDch 
places  where,  from  the  nature  of  the  roof,  and  the  seam  iteelf, 
the  amount  of  repairs  is  large,  and  keeps  the  miner  away  from 
the  actual  coal-getting  for  a  coitxiderable  part  of  his  tim«. 
Timber  drawing  is,  cei'tainly,  best  pei'formed  bya  separate  sLstfof 
men,  who  should,  preferably,  be  set  the  work  by  contract. 

Bord  and  Pillar  Worliing.t — After  driving  out  the  roain 
roada  the  first  operation  ia  to  divide  the  coal  into  a  series  of  r«ct- 
anenlar  blocks  (Fig.  I7i)>  by  means  of  drivages,  called  "  borda" 
Ana  "  walls,"  the  line  of  the  latter  being  gaaeniliy  spoken  of  at 
•'  headways  course."  The  bords  are  driven  from  4  to  5  yds.  wide, 
and  always  in  a  directioa  at  right  angles  to  the  cleat  of  the  C09], 
or,  as  it  is  generally  termed,  ''  on  the  face."  Headways  course  is 
at  right  angles  to  these,  or,  in  other  words,  parallel  witli  the  cleat, 
und  as  this  runs  approximately  north  and  south  in  tbe  North  of 
England  coal-field,  headways  course  is  generally  taken  to  mtui 
noi'th  and  south,  and  bordways  east  and  west.  As  a  rule,  wills 
are  driven  about  2  yds.  wide,  but  sometimes  both  bords  and  walls 
are  driven  5  yds.  wide,  and  the  roof  allowed  to  fall. 

The  first  procedure  is  to  drive  out  the  main  roads.  At  large 
collieries  there  are  usually  four  proceeding  at  once,  two  intake" 
and  two  returns.  Before  these  roads  have  gone  far,  bords  aocl 
walls  can  be  commenced  on  either  side  of  tliem,  leaving,  however, 
sufficient  coal  on  both  sides  to  prevent  any  risk  of  ci-eep.  At  oue 
time,  the  pillars  which  were  cut  olT  by  tbe  bords  and  waits  were 
made  only  just  large  enough  to  keep  the  roof  up,  and  were  left. 
This  has  been  quite  abandoned,  and  the  pillars  are  now  made  very 
large,  quite  a  common  size  being  two,  and  often  three,  chains 
square.  In  addition,  as  soon  as  these  pillars  have  been  formed, 
their  removal  is  commenced,  while  the  driving  of  bords  stiU  pro- 

■  So.  Wales  lost.  xv.  1 1^  ^^h 

t  AI90  known  as   "post   and  Btall."  and  in  Scotland  aa  "Btoca^^^H 
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o*t  "a\y  a  short  ■listftnee  away.     In  this  manner  the  percentnge 
vl  luigeooal  ha^  been  muterLiJI^  ioci'e.LseJ,  uud  thL>  |>illars  ars 


"^^ixwly  crushed  at  all,  which  is  especially  uoticeab)o  where  boiU 
^«i«  co«l  and  roof  are  tender. 
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Another  practi(»,  which  was  iotrodncedby  the  celebrated  viewer 
Buddie,  nbont  the  beginning  of  the  centiiry,  is  the  methoJ  d 
dividing  the  colliery  up  into  what  are  known  as  "  pnneU,'  or 
"  districts"  (Fig.  171),  these  consisting  of  an  area  of  from  30  K 
40  acres,  stuTounded  on  aJI  sides  by  a  rib  of  coal,  called  a  "  harrier," 
these  barriers  being  holed  through  at  points  where  nwds  an 
necessary.  This  eystem  of  panels  is  particnlarly  advanta^m 
with  a  tender  roof  and  soft  floor;  only  a  small  lu-ea  of  the  seaui  it 
opened  at  once,  the  roof  does  not  weight  so  badly,  nor  reqnire  w 
much  timber,  and  more  round  cool  is  produced.  In  addition,  the 
risk  of  creep  is,  to  a  eertnin  ext-ent,  prevented,  or  it  may  be  coo- 
fined  to  the  panel  in  which  it  arises.  The  risk  of  exploaon  a 
decreased,  as  each  district  has  itei  own  current  of  air,  and  shonlil 
anjrthing  happen  in  one,  there  is  little  probability  of  it  «xtendiii£ 
to  the  others. 

The  preliminary  work  of  driving  the  bords  and  walla  is  called 
"  workmg  in  the  whole,"  the  removal  of  the  piUara,  which  follon 


afterwards,  "  working  in  the  broken."  In  the  latter  a  proper 
line  of  operations,  ueually  a  diagonal  one,  should  be  adhered  to,  a» 
if  portions  of  a  pillar  lag  behinil,  or  l)ecome  surronnded  by  broken 
workings,  the  coal  is  vei-y  much  crushed,  and  quantities  are  verr 
often  lost. 

The  removal  of  the  pillars  is  carried  out  by  a  series  of  drivage?, 
technically  called  "  Jenkins  "  and  "  skirtings  " ;  the  former  is  a  pl.iw 
driven  in  a  pillar  in  a  bordways  direction,  while  the  latter  is  a 
similar  place  driven  headways  way,  although,  as  a  rule,  any  platv 
driven  alongside  the  fallen  roof  is  called  a  skirting.  At  EppletoD 
Colhory  the  pillars,  which  are  44  yds.  by  33  yds.,  are  worked  by 
driving  a  fast  Bkirting  out  of  the  waggon-way,  the  length  of  four 
pillare,  as  shown  in  Fig.  172,  leaving  6  ft.  of  coal  iigaiuat  the  fallen 
roof  in  the  headways.  A  jenkin  is  then  carried  up  the  pillar 
alongside  the  old  bords,  and  then  lifts  or  "  juds  "  are  driven  right 
an'Of*.  the.se  being  5  yds.  wide.  As  soon  ns  one  of  these  reachrt 
the  fulli'ii    raof  on  the  nest  side  of  the  pillar,  a  second  is  com- 
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menced  out  of  the  je&kin.  Several  pillars  are  attucked  at  the 
>iame  time,  the  lifts  in  each  Ij'iog  back  in  step  fashion,  as  shown. 
The  roof  is  kept  np  in  the  jiida  by  a  aeries  of  chocks  or  cogs, 
formed  of  timber  22  in.  long  by  4  in.  square,  placed  4J  ft.  apart, 
rtcid,  say,  6  ft.  from  the  coal  side.  The  Hpace  between  the  loose 
»*ide  and  the  chocks  it  secured  by  ordinary  props  and  loggings, 
these,  except  three  rows  at  the  face,  being  drawn  eveiy  night  and 
tbe  roof  allowed  to  fall  behind. 

At  the   same  colliery,  with  large  pillars  66  yds.  square,  the 
removal  is  carried  out  by  driving  a  jenldn  up  the 
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ndddle,  splitting  the  pillar  into  two  halves,  and  then  taking  5  yil, 
lifta  right  and  left.  This  is  the  system  recommended  by  Mr.  G.  C. 
Oreenwell.  If  the  pillars  have  in  the  first  instance  been  made 
large  enough,  he  xays  the  whole  of  the  wings  on  each  side  may  be 
brought  back  Rimultaneously,  chocks  being  used  in  double  rows 
for  the  support  of  the  roof,  the  back  row,  or  that  nest  to  the  gob, 
being  shifted  between  the  front  row  and  the  coal  as  the  raoe 
advances."  The  system  of  working,  and  the  method  of  removing 
the  pillars,  have  been  described  by  Messrs.  R.  A.  S.  HeJniayne  and 
H.  F.  Bulman  in  two  excellent  papers,  to  which  the  student  u 
referred  for  further  particulnrs.t 
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The  objectioDK  to  the  bord  tind  pillar  system  &re  the  difficult;  of 
ventUatiog  the  workings,  the  amount  of  coal  which  Is  lost  (&  thin 
pi«co  has  always  to  be  left  on  the  sides  of  the  borda  and  walls 
which  are  fallen),  the  smaller  percentage  of  round  coal  produced, 
and  the  large  charge  for  narrow  wui'k ;  not  only  are  the  boixls  and 
winning  h^idwaya  is  the  whale  paid  for,  but  the  skirtings  and 
Jenkins  in  the  broken  are  also  subjected  to  a  yardage  I'ate. 

Iiancasbire  Ustbod.--In  the  Lancashire  coultield,  with  steep 
seams  dipping  i  in  3  to  6,  a  (iyst«m  is  employed  resembling  both 
bord  and  pillar  and  longwidl.  A  piiir  of  roads  are  geuerttlly 
driven  from  the  shnft  direct  to  the  deep,  and  out  of  these,  levels, 
30  yds.  apart,  are  driven  to  the  boundary  (Fig.  173).  Each  pair 
of  levels  ore  somewhere  about  300  yds.  apai-t,  and  the  coal  is  leift 
solid  between.  On  renching  the  boundary,  two  sets  of  levels  are 
conne(;t«d  by  a  road,  ajid  the  coal  between  is  divided  up  into  pillars 
by  a  series  of  drivogcs  crossing  each  other  at  right  angles.  All 
the  pillars  are  not  cut  off  before  commencing  to  remove  the  coal, 
but  are  gradually  formed,  leading  the  face  as  shown  by  the 
illustration. 

The  pillai-s  oi'e  removed  by  lifts  taken  upfaill. 


174- 
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These  lifts  vary 
fi-om  13  to  15  yds.  wide,  and 
oi*  taken  forward  likea  long- 
wall  face.  A  line  of  rails  is 
carried  by  the  side  of  the 
solid  coal,  and  a  pack-wall 
built  on  the  other  side  (Kg. 
174).  Two  rows  of  ehocl^ 
about  3  yds.  apart,  ore  always 
kept  pai^allel  with  the  face, 
and  at  the  same  time  a  third 
i-ow,  6  ft.  further  bock,  is 
being  withdrawn,  trees  or 
pri>|ts  being  set  all  round 
thfiu   while  such    is    being 


In 


the 


pillars    are    cut    ofi*    much 

larger,  and  are  removed  by 

I  proceed  at  the  same  time,  one 

stepped  appearance  similar  to 


lifts  iL^  l*foi-e,   but  hei 

IcAiliug  the  other,  the  fare  having  a 

Fig.  1 79. 

LongwaU  MethotL^In  this  system  the  coal  is  extracted  in  a 
long  face,  which  is  gradually  moved  Eoi-wards.  The  space  behind 
the  worlung  i«  filled  in  with  packing,  and  what  are  called  "staQ 
roads  "  are  made  into  the  face  at  intervals.  Thme  stall  roods  are 
cut  off  at  regulai-  distancet:  by  levels,  generally  branching 
obliquely  oat  of  the  main  roads  ;  by  such  motuis  the  length  of  gob 
roading  to  mnintjiin  in  repair  is  kept  wiUiin  reasonable  limits, 
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1  addition,  the  distance  which  the  coal  ha£  to  be  hnuled  is 
reduced.  This  in  the  ideal  longwall,  and  its  carrying  out  in 
practice  is  well  repi-eaented  by  Fig.  175,  which  is  a.  reduction  of  a 
lortioa  of  the  working  plan  oF  a  colliery.     The  working  roads 
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through  which  coaJ  is  drawn  are  shown  in  full  lines,  while  those 
chich  have  been  cut  off  and     banlo  ed  are  represented  by  dotted 

The  ayBtem  of  working  la  very  ea  y,  the  miner  undercuts  the 
oul  all  along  the  face       p]  orting  it  n  the  meanwhile  on  aprags. 


The  roof  at  the  rear  of  the  workmen,  where  the  coal  haa  been  got 
<lowo,  is  generally  kept  up  by  a  double  row  of  props,  these  in  one 
iDw  alternating  with  those  in  the  other.  Behind  these  comee  the 
goaf  pack.  When  the  sprags  are  taken  out,  the  coal  is  either 
•hot  down  or  tails  on  its  own  account.  It  is  loaded  up  into  tube, 
>  line  of  tails  being  laid  along  the  face  ;  the  rails  have  to  be  taken 


^ 
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up  and  relaid  with  each  advance.     The  details  between  1 
roads  aj^  shown  in  Fig.  176. 

Perhaps  a  more  vivid  impres-sion  is  given  by  the  two  photographs 
(frontispiece)  taken  in  the  mine  by  Mr.  A.  Sopwith,  who  has 
kindly  allowed  their  reproduction  here.  The  upper  one  shows 
the  miner  holing  the  face,  with  a  cocker  sprag  on  his  right  hand. 
The  other  is  a  view  up  the  face,  whicli  is  holed  and  ready  to  be 
got  down,  the  miner  in  the  foreground  being  engaged  in  drilling  a 
ahot-boie.     The  line  of  rails  and  cogging  are  clearly  shown. 

The  weight  naturally  comes  on  along  the  line  of  face,  and  when 
this  is  continuous,  as  in  Fig.  175,  it  ia  sometimes  very  expensive 
to  maintain.  In  such  cases,  the  stalls  are  often  an-anged  to  lead 
each  other  a  short  diEtance  (Fig.  179).  If  the  mine  is  level,  the 
stall  roads  will  be  brought  into  the  middle  of  each  woU,  but  with 
inclined  seams,  they  will  he  carried  nearer  the  deep  side,  as  this 
facilitates  the  removal  of  thecoftl.  "When  the  stalls  are  so  arranged 
the  weight  b  localised,  an  d  prevented  from  spreading  all  along  the 
face.  Several  disadvanbigee  are,  however,  introduced :  super- 
vision  is  rendered  diiEcult,  undercutting  is  not  so  convenient,  one 
cutting  side  is  introduced,  and  machinen  cannot  be  employed.  In 
addition,  the  pressure  on  the  sharp  corners  is  great  and  breaks  up 
the  coal  there,  produdng  a  large  quantity  of  small. 

As  a  rule,  the  seam  itself  does  not  supply  sufficient  material  to 
fill  up  the  whole  width  across  the  face,  and  in  such  cases,  the  packs 
are  built  leaving  what  aj'e  called  "  wastes  "  between.  In  Beams 
liable  to  gob  firee,  the  pack^  are  best  set  draught-board  style — i.e., 
first  a  wast«  and  then  a  pack,  each  waste  being  successively  closed 
by  having  a.  pack  built  in  front  of  it,  wastes  then  being  formed 
opposite  the  back  row  of  packs.  In  this  way,  although  the  gob  is 
□ot  stowed  solid,  yet  a  continuous  stopping  of  pack  material  ia 
built  acroes  the  face. 

The  stowing  material  is  obtained,  not  only  from  the  stall  roads, 
but  also  from  the  main  roads.  As  the  gob  get«i  compressed,  the 
i-oof  sinks  down,  aud  the  road.s  become  too  low  to  allow  the  pas- 
fi.tge  of  men  and  horses.  Recourse  has  to  be  made  te  what  ia 
known  03  "  ripping,"  which  consists  in  shooting  down  the  roof 
stone  until  sufficient  height  is  obtained.  Fart  of  this  is  always 
built  on  each  side  of  the  voads,  while  the  remainder  is  carried 
into  the  face,  and  used  thei-e. 

The  direction  of  tha  face  is  determined  by  several  conditions. 
In  some  districts,  divisional  planes  or  "cleat,"  exist  in  the  coal; 
they  usually  cross  each  cither  at  right  angles,  but  one  set  is  always 
much  better  developed  tbnn  the  other.  If  the  working  face  is 
parallel  to  the  main  cleat,  the  coal  ia  said  to  be  '■  on  the  face,"  if 
it  is  perpendicular  to  the  cleat  it  is  tailed  "on  the  end,"  while  if 
another  direction  is  followed,  and  the  face  advances  obliquely  at 
an  angle  of  45°,  it  is  said  to  be  "  half  on." 

The  main  object  of  working  cool  is  to  produce  the  greatest 
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F  qwDtity  of  large  coul  in  the  beet  coadition,  and  this  quantity  and 
coudition  are  materially  influenced  by  the  dJi'eotion  of  the  face 
wspwting  the  cleat.  In  a  longwall  face,  owing  to  the  compres- 
sioB  of  the  gob,  there  is  always  a  considerable  amount  of  weight 
OQ  the  coal  at  the  face ;  ttiich  pressure,  indeed,  in  many  instances, 
j!eie  down  the  coal  without  the  aid  of  explosives. 

If  iho  coal  is  worked  "  on  the  face,"  the  lines  of  fi'acture  pro- 

iaixA  by  the  above-mentioned  force  coincide  with  the  lines  of 

cleat,  and  consequently  the  coal  readily  breaks.     If  the  coal  la  a 

good  Bliong  hard  variety,  the  labour  of  getting  it  is  reduced,  and 

the  quantity  of  large  coal  is  sati^ifactory  ;  but  if,  on  the  other  Land, 

il  is  soft,  a  large  amoUDt  of  smiill  coal  is  produced.     In  euch  cases, 

it  Ti  Far  better  that  the  coal  should  be  got  perpendiculai'  to  the 

clB»t,or"oii  the  end." 

The  direction  of  the  face  ie,  however,  influenced  by  another 

I  poiDt,  namely,  that  of  the  inchnation  of  the  seam,  which,  in  many 

L<MM,detcrminea  the  direction  irrespective  of  other  considerations. 

B'Lt  hJDgwall  workings,  where    the  inclination  is   moderate,  the 

Function  of  the  fac«  is  generally  at  right  angles  to  the  dip,  as  all 

tile  weight  is  then  thrown  back  on  to  tlie  gob,  the  packs  are  easily 

ud  readily  made,  and  the  coal  descends  from  the  working  places 

V  the  influence  of  gravity.     Where  the  inclination  is  steep,  the 


f«s  will  be  carried  half  ( 
the  inclination. 

The  length  of  the  stalls, 
gnvpraed  by  a  variety  of  eii 

(i)  If  thecoalis  toprodu 


that  is  to  say,at  an  angle  of  45°  with 


the  distance  between  two  ^oad^^,  is 
imstnnces : 
_  its  best  yield  and  be  worked  econom- 

ically, it  is  advisable  that  the  face  should  move  forward  regularly 
*verj'  day,  but  if  such  is  to  be  done,  the  distance  between  two  stall 
roads  must  not  be  too  long.  In  the  Midlands,  from  3oto  50  yds. 
bu,  by  genera]  consent,  been  found  to  give  the  best  i-esults. 

(1)  On  the  other  hand,  the  diiitance  between  the  stall  roads 
muat  not  be  too  short.  The  more  these  roads  are  multiplied  the 
higher  is  the  expense  of  maintenance,  because  a  greater  length  has 
to  be  kept  open,  and  a  further  charge  for  the  larger  quantity  of 
'"■^ng  required  is  also  incurred. 

(3)  The  coal  has  to  be  got  out  of  the  face  into  the  roads,  and 
me  the  height  in  the  st^iUs  is  Buch  as  will  allow  tubs  to  be 

'nought  in  and  loaded  there,  it  is  advisable  that  the  stall  roods 
uould  be  as  neai-  together  as  possible. 

(4)  The  stall  roads  must  not  1hi  too  far  apart,  as  it  is  only 
possible  to  have  two  tubs  in  the  stall  at  the  same  time— i.e.,  one 
"*ai  each  end.  For  a  large  out-put  it  is,  therefore,  necessary  to 
Wthar  multiply  stalls  or  decrenae  their  length. 

(5)  The  length  of  the  stalls  is  also  influenced  in  a  very  marked 
Buner  by  the  custom  of  the  coalfield,  as  to  whether  the  men 
■«k  singly  or  in  seta.  In  the  Midlands  four  or  five  men  take  a 
■Wl,  and  coneeqnently  its  length  is  somewhere  about  as  before 
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stated.  In  the  Nortli  of  England  every  mun  is  for  hini 
nece&titBtes  the  I'OBde  being  close  together,  with  a  multiplicity 
working  faces  ;  indeed,  u  common  anttngement  is  that  shown 
^'g'  '77-  "liieb  <^ii  scarcely  be  called  true  longwall  at  al 
Ueadwiiys  are  turned  out  of  the  main  roade  at  inter\~alsof  3oy(i 
and  after  they  have  been  driven  to  yds.,  lifts  8  yds.  wide  are  tai 
right  and  left,  and  carried  15  yds.  up,  or  half  the  distance  betwo 
the  headways.  A  line  of  rails  is  laid  next  the  coal  side,  and  ait 
of  chocks  on  the  other  side.  After  the  first  lifts  are  driven  iqi 
few  yuds,  the  winning  places  are  widened  out  to  6  yds.,  ti 
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driven  forward  this  width,  stone  packs  6  ft.  wide  being  built 
«ach  side,  leaving  a  6  ft.  road  between. 

_  By  genera]  consent  it  is  now  admitted  that  in  longivall  eve 
piece  of  coal,  except  the  shaft  pillai-a,  should  be  t&ken  out.  . 
one  time  it  was  pretty  common  to  leave  pillars  of  coal  on  each  si 
of  the  main  i-oads,  which  were  HUppaied  to  reduce  the  cost 
repairs,  and  no  doubt  did  so  when  the  mines  were  shallow.  ^ 
they  got  deeper  it  was  found  that  such  pillai-.s  offered  lit! 
protection,  unless  they  were  made  tnoi-dinately  large,  and  th 
better  I'esults  were  obtained  by  taking  out  the  coat  altogether. 

The  method  of  working  that  has  been  considered — viz.,  worth 
Kway  from  home,  and  carrying  the  roads  through  the  gob,  is  t 

•  Brit.  Soc.  Min.  Stnd.  x.  :g2. 
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oiv  loUoweil  in  ihe  great  majority  of  cases ;  but  another  method, 

Ciillpd  "  working  homewards,"  is  rarely  employed,  although  it  is 

'''■h-n  recommended  as  a  cure  for  all  evils  relating  to  esploeions. 

I      la  it  roads  are  driven  out  to  the  boundary,  the  coal  first  worked 

(tore,  and  gradually  brought  back  towards  the  shaft,  leaving  all 
lie  gob.  water,  gas,  ic,  behind.     It  is  scarcely  necessary  to  say 
thxt,  with  anything  like  a   large  royalty,  Ruch  a  plan  would 
Uivolve  the   outlay  of  an   enormous  sum  of  money,  as  all  the 
JardagB  in  narrow  work  would  have  to  bo  paid  for  practically 
before  any  coal  was  won.     The  output  of  the  colliery  would  be  a 
'*w  one  for  many  years,  and  the  interest  on  capital  outlay  would 
'•^ore  than  compensate  for  any  saving  resulting  from  the  smaller 
^'sipbyment  of  timber  and  repairs.     In  small  isolated  cases,  under 
^t*«aal  conditions  ianch  as  an  exceptionally  bad  roof),  the  method 
^f  working  homewards  is  applied  with  much  success. 

Double  Stall  Method.— In  the  South  Wales  coalfield  a  system 


largely  employed  for  mining  steam  coal  ia  that  known  aa  the 
double  Etoll.  In  the  ordinary  system  of  opening,  the  two  mam 
nods  will  be  set  away,  and  out  of  these  side-headings  in  pairs 
"ill  be  opened  out  to  the  rise,  taking  out  the  coal  between, 
ftom  these  cross-heads  double  stalls  are  driven  (Fig.  17S). 

Two   headings  are  commenced  off  the  roads,  and,  after  pro- 

CMding  from  8  to    10  yds.,  are  joined,  and  continued  on  as  a 

double  stall,  usually  some  20  yds.  wide,  having  a  road  along  each 

Bide,  and  a  rib  of  coal  from  12  to  15  yds.  between  each  pair  of 

BtAlb.     The  stall  fi'om  one  cross-heading  meets  with  the  opposite 

one  from  the  other  cross- beading,  and  as  soon  as  this  happens  the 

tifo  men,  who  were  working  at  the  face,  separate,  one  going  to  the 

right  and  the  other  to  the  left  hand,  each  working  back  half  the 

"ulth  of  the  rib.     The  other  half  is  taken  out  by  the  adjoining 

stalls,  and  consequently  the  ground  ia  quite  cleared. 

It  is  a  system  which  is  being  replaced  by  longwall  in  the  South 

^Kpftles  district,  but  at  the  same  time,  one  which  is  replacing  pillar 

^^pd  stall,  in  some  inetancee,  in  the  Northern  coalfield. 
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Working  Steep  Seams. — Steep  seams  may  be  worked  to  tiie 
deep,  which  allows  an  easy  stowing  of  rubbish,  and  retnlte  in  k 
saving  of  pit  work.  Sinking  shafte  and  cross-cutting  measures  ti 
very  expensive,  and  only  a  small  area  is  won ;  but  if  a  nuia 
engine  plane  is  driven  straight  down,  it  can  beextendedataajtio* 
with  additional  engine  pow«r.  It  han  been  proved  by  actul 
experience  that  fi^sm  8  to  lo  per  cent,  more  round  coal  is  produced 
by  working  to  the  deep  than  working  to  the  rise,  whidi  a 
probably  accounted  for  by  the  fact  that  the  weight  is  tlurown  off 
the  face  in  working  to  the  deep.  It,  however,  posseses  di»- 
udvantages  if  water  be  pi'esent,  and  nn  additional  one  in  that  Uw 
gradient  is  always  aguinst  the  load.     In  t 


brings  the  toni  iliiwn  to  the  levels,  where  it  can  be  coUectei)  into 
Beta  nnd  Imuled  along  the  mnin  engine  jilane,  but  additional 
Jaboiir  is  necessary  in  self-acting  planes. 

In  some  paita  of  the  Bristol  coalfield,*  where  the  measures  are 
steep,  the  area  is  sub-divided  into  a  serieK  oF  panels,  and  eTei7- 
thing  worked  to  the  deep.  Each  bank  has  a  separate  engine  ^oA 
engineman.  The  system  is  costly,  but  under  certain  conditioTK 
and  no  water,  is  safe  and  produces  coal  in  good  condition. 

Perhaps  the  best  way  is  to  win  the  coal  by  an  engine  plsne 
driven  straight  to  the  deep,  and  as  this  is  in  advance  of  the  work- 
ings, all  the  water  is  collected  there  and  pumped  to  the  shaft. 
Levels,  right  and  left,  are  branched  off  at  inten-als  at  about 
JDO  yds.  and  the  coal  worked  to  the  rise  (Fig.  1 79).  Self-artjng 
•  So.  Wales  Inst.  xii.  363. 
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hidtnes  bring  the  coal  to  the  level,  which  ia  then  taken  tA  the 
riigine  plane  and  hauled  to  the  pit  bottom. 

On  the  Continent,  where  the  seams  are  not  only  highly  inclined 
but  very  much  distorted  and  bi'oken  up,  the  general  pi-actice  is  to 
■  "  '      vertical  shaft,  and   drive  croas  ciita  at  i-egniai-  di^tanc^a 


At  the  pointci  of  intereectiug  the  seamn,  levels  iti-e  taken 
ij-'lit  iind  left.  Theiie  are  driven  aloa;:  the  strike  of  the  bed,  nnd 
-  the  inclination  is  anythiog  but  a  regular  one,  ai-e  usually  very 
'  I  ■  Mked. 

In  the  thin,  very  highly  inclined  seams,  the  coal  between  the 
successive  levels  is  removed  by  the  metnod  known  as  "grading 
renversea,"  or  inverted  stepa  {Fig.  1 80).     The  face  ia  divided  into 

Kjr-,  181. 


«  series  of  steps,  and  advances  in  the  direction  shown  by  the  arrow, 
O.  There  is  one  workman  to  each  step,  and  he  chips  away  the 
vertical  face  of  coal  before  him,  having  the  aolid  coiil  above  his 
h^ad.  Shoots  through  the  gob  convey  the  coal  to  the  lower  level. 
Tbe  method  of  timbering  will  be  understood  from  the  illustration. 
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Tlie  BTBtem  of  working  is  ta  evety  respect   identical 
known  to  the  metnJ  miner  as  overhand  stoping. 

In  the  more  moderately  inclined  seams,  say  up  to  40°,  tlie 
method  ctilled  "tallies  montAntes,"  is  employed  (Fig.  i3i).  It  ii 
a  system  of  pure  longn-all.  A  number  of  stepped  faces,  about 
20  yds.  wide,  ai'e  carried  up  about  4  or  5  yds.  in  advance  of  Mdi 
other.  Each  stall  is  served  by  a  road  kept  through  the  gob,  but 
these  are  cut  off  every  55  to  65  yds.  by  a  horizontal  crosgdevel. 

The  more  moderately  indined  seams  are  worked  by  (he 
system  called  "tallies  chassantes  "  (Fig.  182).  A  road  is  carried 
up  from  oue  level  to  the  other,  and  branch  roads  put  oS  right 
and  left,  about  every  15  to  zo  yds.,  measured  along  the  incliiiBtiaii 
of  the  seam,  taking  out  the  coal  for  a  distance  of  from  50  » 
too  yds.  on  each  side  of  the  main  Incline,  the  face,  as  before,  prt- 

Pig.  1S2. 


senting  a  se  e  f  tep  at  nterva  s  diagonal  roads  are  pa<i  op 
through  the  gob,  cutting  o&  the  Ic^el  roads  as  illustmted. 

The  extra  cost  of  working  steep  seams  is  considerably  larga 
than  moderately  inclined  ones,  probably  as  much  as  one  half  mon, 
in  some  instances  frequently  a  third. 

Working  Thick  Se&ms. — South  StBfTordahire. — No  matwr 
what  system  of  working  is  adopted,  the  invariable  rule  in  the  Ten- 
Yard  seam  is  to  drive  out  to  the  boundary  and  bring  back  the 
work,  leaving  the  gob  behind.  Two  main  gate-roads  proceedalong 
the  strike  of  the  seam,  sei-viug  as  haulage  roads,  and  the  distaoM 
between  them  varies  from  33  to  45  yds.,  being  always  such,  th»t 
in  the  operation  of  getting  coal,  these  preliminary  drivagee  vill 
form  a  portion  of  the  chambers,  and,  as  it  is  called,  "  come  in  U 
work."  Where  a  large  area  is  to  be  won,  roads  are  branched  out 
right  and  left  of  the  main  roads,  and  coal  gotten  at  the  extremity 
of  these,  even  before  the  former  have  proceeded  much  past  them, 
the  only  precaution  to  be  adopted  being,  that  the  coal  so  worlnd 
should  be  a  sufficient  distance  from  the  shaft  not  to  affect  it  bf 
any  subsidence.     While  this  portion  is  being  worked  out,  the  raaio 


METHODS  OF  WORKING.  165 

ITwdfl  proceed  on  their  course,  and  braocb  roa<Is  are  a^D  sent 
out  at  Buitable  distances,  and  when  they  reach  the  boundnty, 
Other  of  the  lease  or  of  the  district,  work  ia  opened  as  before. 
The  methods  of  working  commonly  employed  may  be  dirided 
iato  {a)  square  work,  and  (b)  longwall,  the  whole  thickness  being 
removed  at  once.  True  longwall  is,  however,  unknown  in  the 
tiiick  seam.  It  might  preferably  be  detined  as  bord  and  pillnr, 
tkekrge  blocks  being  pillars.  If  so,  the  system  of  working  is  the 
f^ioae  as  the  one  pursued  under  the  same  title  in  the  Northern 
coalfield ;  the  removal  of  the  pillars  being  similai*  with  modifica- 
tions occasioned  by  the  gieater  thickness.  The  coat  is  eometimes 
worled  in  two  divisions  by  a  modified  longwall  system,  but 
although  this  possesses  some  advantages,  yet  the  numerous  practi- 
cal drawbacks,  snch  as  the  increased  quantity  of  small  coal  pro- 
duced, the  ioferior  mineral  obtained  when  working  the  lower  slice, 
<ud  the  frequency  of  gob  fires,  have  resulted  in  its  general  ubandon- 
nieut,  except  in  a  few  isolated  special  cases. 

(<t)  Square  Wwk. — In  this  system  the  cool  is  worked  out  in  a 
series  of  rectangular  chambers,  sepoi'ated  from  each  other  by  ribs 
(^f  coal,  internal  support  for  the  roof  being  afforded  by  a  seriefi 
ul  square  pillars  of  solid  coal.  The  old  method  of  opening  a 
side  of  work  was  to  drive  a  series  of  stalls  10  yds.  wide,  leaving  ' 
10  yds.  of  coal  between  each,  and  then  a  second  set  of  10  yd.  stalls 
a'  right  angles  to  the  first,  the  result  being  that  pillars  10  yds. 
»<[iuire  were  formed.  This  operation  would  be  carried  out  in  the 
'''ttom  cool,  the  top  coal  being  got  by  the  method  described  a 
iiitle  further  on.  Pi-actically,  however,  opening  a  side  of  work  in 
this  way  is  a  thing  of  the  past.  To  do  it  with  any  success  requires 
'in  exceedingly  strong  I'oof,  and  even  then  coal  is  not  got  out  ro 
'leu  as  it  t^ould  be.  At  the  same  time,  it  is  advisable  to  drive 
tijp  stalls,  in  the  first  instance,  at  least  5  yds.  wide,  and  SO  save 
li'B  coat  of  narrow  work. 

With  an  avei-age  roof  a  convenient  size  for  the  openings  is 
JO  yds.  wide,  and  for  the  pillars  8  ydtt.  square,  and  in  such  case 
the  ordinary  gate-roads  opening  out  a  district  will  be  driven, 
living  a  piece  of  cool  33  ydf.  wide  between  them.  On  reaching 
the  boundary  of  the  district  the  two  gate-roads  will  be  connected 
by  a  croas-drivage  (a.  Fig.  183).  This  will  be  widened  out  by 
"  d de-Ian ing,"  which  consists  in  treating  the  side  of  the  road  as  a 
longwall  face,  and  holing  it  out  to  a  depth  of  10  yds.,  as  shown  at 
4.  While  this  is  being  done  a  second  cross -drivnge,  c,  about  5 
yds.  wide,  will  be  carried  between  the  two  gate-roads,  cutting  off 
a  block  of  coal  8  yds.  wide.  The  side  gate-roada  will  then  be  side- 
[aneil  off  to  10  yds.  wide,  d  d,  and  a  stall,  e,  driven  thi'ough  the 
block  of  cool  remaining,  the  position  now  being  that  two  pillaiv 
8  yds.  square  are  surrounded  on  three  sides  by  openings  la  yds. 
wide,  and  on  the  fourth  side  by  an  opening  5  yds.  wide.  All 
this  has  been  carried  in  the  lower  six  or  seven  feet  of  coal. 
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In  the  lidck  opening  the  top  coal  will  now  be  got  do"^  j« 
Bectiona,  slice  aftei'  dice  being  removed  vertically.  The  "1*^ 
distance  across  this  opening  L'%  not  attacked  at  once,  only  aeM0z 
portion  of  ita  length  being  worked  at  a  time.  The  top  coal  I* 
got  Aavra  by  cutting  vertical  grooves  up  through  the  otbT' 
Ijing  ine«*ure  of  coal,  leaving  between  each  length  of  six  feB^ 
what  are  called  "spHrns."  These  spurns  aj-e  narrow  webs  o* 
«oal,  holed  thi-otigh  in  the  upper  part.  When  the  layer  that  i# 
being  attacked  hot.  been  cut  through  in  this  manner  on  botli 
£Jde»,  the  bpuroB  ai-e  reduced  by  the  aid  of  a  pick,  and  ai« 
then  finally  "  jobt>©d  "  (knocked)  out  with  a  "pricker,"  which  ia* 
long  instrumeut  verj-  similar  toa  l>oat-hook.  A  spurn  is  always  left 
nt  the  face,  and  when  this  is  removed  the  whole  mass  falls,  and  is 
then  in  a  |<ositioii  to  be  taken  away  by  the  loaders. 

While  tLis  is  going  on  a  third  cross-cut  will  be  driven  between 

Figs.  183. 


th«  two  main  gate-roads  at  a  distance  of  13  ydn.  from  the  last  one 
(o.  Pig.  184).  Theoiieninge  (Fig.  183)  ia  then  widened  out  to 
10  yds.,  as  shown  at  b  (Fig,  184),  the  main  road  side-laued  off  as 
before,  0  e,  and  a  middle  thuvltDg,  d,  10  yds.  wide,  driven  aci'oss, 
forming  two  more  pillars  S  yds.  square.  While  this  is  being  done 
in  the  bottom  cotl,  the  top  coal  has  been  got  down  around  the  two 
pilUra  shown  in  Fig.  i8j.  A  fourth  croes-drivage  is  made 
twtweeu  thd  two  gate-roade  at  a  distance  of  13  yds.  from  the  last 
one,  and  the  pillai%  there  cut  o(f,  as  already  explmned,  so  that  at 
this  stage  of  the  opetation  the  side  of  work  considered  will  have 
the  appearance  shown  in  Fig.  185 — viz.,  6  piUare  each  8  yds. 
sqiiai'e,  eurrouiuled  by  a  series  of  openings  10  yds.  wide.  The  top 
coiil  by  this  time  will  be  removed  all  over  the  side  of  work,  except 
on  the  three  sideti  of  the  last  two  pillirs,  and  will  gi-adually  be  got 
down  there  until  nothing  remains.  Fire-dumswilt  then  be  put  in 
at  tlie  points,  a  a,  and  a  new  side  of  work  started,  cutting  off  » 
rib  of  coal  8  yd&  wide. 

(6)  Lonffwall  in  One  Zii'i'wiOn.^Gate-roada  are  fii-st  driven  out 
7|fe.«ide,leaving4oyds.of  coal  between.     Tlie  cross-holings  are 
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The  advantages  claimed  are  :  The  greater  first  yield  and  toU^ 
cleai'ance  of  coal. 

The  dbadvantageHare:  The  large  amount  of  bIocIc  produced 
(thie  being  due  to  the  quantity  of  gunpowder  employed),  and  the 
smaller  total  yield  per  acre.  A  great^  quantity  is  obtained  pa 
acre  than  by  the  first  clearance  in  the  square-work  system,  but, 
after  the  lapse  of  some  considerable  time,  the  riba  and  pillars  tfA 
in  this  latter  method  of  working  are  cleared  out.  In  many  csse^, 
the  remnocte  of  the  thick  coal  ai-e  worked  a  third  time,  thai 
obtaining  a  further  yield.  The  total  produce  of  winning  the 
broken  is  about  one-third  of  the  quantity  obtained  by  the  fir^t 
working,  of  which  one-third  will  be  coal,  and  two-thirds  slAck. 
The  expense  of  winning  the  broken  mine  is  somewhat  greater 
than  that  of  getting  the  solid  coal. 

In  eveiy  system  of  thick  cool  mining,  dip  work  is  advantageous 
a^  the  falling  roof-stone  rolls  away  from  the  workmen. 

Pennsylvania. — The  system  of  working  the  Mammoth  Bed, 
which  sometimes  attains  a  thickness  of  60  ft.,  as  described  by 
Messrs.  H.  M.  Chance*  and  Franklin  Plattt  is  similar  to  the 
double  stall  method  of  South  Wales.  Either  from  the  bottom  of 
the  shaft  or  out  of  a  elope,  if  no  shaft  is  sunk,  a  main  road,  called 
a  "gangway,"  is  branched  out  following  the  strike  of  the  seam. 
A  parallel  road  some  few  (lo)  yards  away,  called  a  heading,  b 
driven  for  the  purpose  of  ventilation.  When  the  coal  is  quite  flat, 
the  stalle,  or,  as  they  are  called,  "  breasts,"  are  opened  at  right 
angles  to  the  gaiigway.  Where  the  dip  is  too  steep  to  allow  a 
waggon  to  be  used  in  the  breaet,  if  so  iMven,  it  is  opened  at  an 
angle  to  the  gangway,  thus  decreasing  the  inclination. 

Two  plans  of  opening  such  breasts  are  in  common  use.  In 
one,  the  breast  is  opened  at  the  gangway  to  its  full  width  of  from 
8  to  12  yds.  J  in  the  other,  an  opening  just  wide  enough  for  the 
waggon  is  driven  from  8  to  10  yds.,  and  the  breast  then  opened  lo 
its  full  width.  The  inclination  of  the  bed  usually  limits  the 
length  of  the  breast  to  300, 400  or  500  ft.,  and  coal  lying  at  a  greater 
distance  from  the  gangway  is  mined  from  a  second  series  of 
breasts,  opened  from  a  second  gangway  driven  above  the  first  series. 

The  distance  to  which  the  gangway  is  driven  on  each  side  of 
the  slope,  or,  in  other  woi'ds,  the  lineal  distance  worked  from  a 
single  opening,  is  limited  by  the  cost  of  keeping  the  gangways 
open  and  the  cost  of  haulage.  If  the  coal  is  hard,  and  the  roof 
good,  it  is  often  cheaper  to  mine  coal  lying  two  or  three  miles 
from  the  slope  than  to  open  a  new  one,  but  when  the  coal  is  soft, 
and  the  roof  bad,  it  may  be  cheaper  to  open  a  new  slope  than  to 
attempt  to  keep  one  mile  or  less  gangway  open. 

*  Second  Geo.  Survey  of  Fennsjlvani.'L     Report  A.C.     Coal  Mining. 
+  Jlnd.     Report  A 1.     Coal   Watlc.     The  chapter  oq  Mining  is  b;  Ur. 
J  P.  Wetherill,  and  is  an  eipanaion  of  a  paper  originally  oontribnted  to 
i  Amer.  IcBt.  U.  £.  v.  402. 


METHODS   OK  WORKING. 


1C9 


ite  breasts  are  not  worked  through  into  the  gangway  above, 

but  ire  driven  up  to  within  5,  10,  or  15  yds.  of  it;  the  pillar  thus 

left  is  called  a  "  cbain  pillar,"     When  the  breasts  are  worked  out, 

the  pilkre  are  robbed  by  taldng  off  from  eacb  aa  thick  a  slice  ns 

pu^ble, 
la  very  steep  breasts  it  is  impossible  for 

the  n-orking  face,  bb  he  has  nothing  to  stand 

tberefore  neceesary  either  to 

leave  the  loose  coal  in  the  Fiu. 

brewt  or  to  erect  some  arti- 

ttai  support.      A  common 

mrthod  of  opening  out  work 

in  SDch  eases  is  illustrated  in 

Fig.  139.     The   breasts  are 

opened    by  driving   in   two 

cbocts  for  a  distance  of  8  to 

10  yds.,  connecting  them  by 

i cnxa  driTage.  and  then  cni- 

ijing  the  working  forward  itii 

fnllwidth.  Four  strong  props, 

'I,  areeet  just  above  the  piUni' 

--'  wt  off,  and  against  these, 

i"o  log  batteries  are  built, 

ill  eacb  of  which  is  left  an 

opeaing,  say  4  ft.  square,  that 

"ill  permit  large   lumps  to 

f«ffi  through  freely.     Koads 

*n  kept  up  each  sdde  of  the 

bmat  by  the  use  of  inclined 

props,  called  "  jugglers,"  whicli 

■re  notched  into  the  door  and 
BAt»,  and  have  2  in.  planking 
nailed  against  them  (Fig.  1 90). 
Hiesurplus  coal  may  be  drawn 
out  at  the  bottom  through  the 
opening  in  the  battery,  but  is 
more  frequently  sent  down  thi 


;  the  loose  coal  is  allowed 


mdisturbed  until  the  breast  is  driven  to  the  limit. 
Working  SesmB  Ziying  near  Together. — In  the  South  Staf- 
fordshire coaliield,  when  the  distance  between  two  seams  does  not 
eieeed  6  feet,  the  general  practice  is  to  work  the  lower  one  first 
by  longwall,  carrying  gob  i-oads  in  the  ordinary  manner.  When  the 
boundary  is  reached  the  roads  are  ripped  down  into  the  upper 
eeam,  which  is  then  taken  back  longwork  towards  the  shafts.  In 
many  cases  it  is  found  that  by  such  procedure  the  upper  seam  not 
only  makes  a  great«r  percentage  of  large  coal  than  it  would  have 
done  if  it  bad  been  cleared  off  first,  but  that  the  cost  of  produt 
tion  is  leas,  as  the  undercutting  is  easier. 
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In  the  southern  part  of  the  Warwickahire  coalfield  all  the 
come  together,  being  only  separated   by  a   small   thickness 
piu-tings,  ttmoiinting  to  afl  little  as  a  ft.  between  each  seam.     1 
method  of  working  has  been  described  by  Mr.  E.  F.  Melly .• 
pair  of  dip  roads  are  driven  in   the  lowest  of  the  seams  to  b^ 
worked  to  a  distance  of  not  less  than  500  or  600  yds.     A  croes- 
drift  is  then  cut  through  all  the  four  seama  (shown  by  dotted 
lines  in  Fig.  191),  and  they  are  each  opened  out  by  level  headings 
to  a  distance  of  from  150  to  joo  yds.  on  each  side,  cross-cuts  al 
each  end,  and  generally  one  in  the  middle,  connecting  the  fom' 
aearas   for  ventilation.      In  this  way,  eight   difierent  etaUs,  or 
working  placee,  are  at  once  made,  each  of  which  may  be  partly 
holed  every  day,  so  that  50  to  60  tons  should  be  delivered  to  the 
flat,    A    B,   from    each  one,  and  to  this  point  an   incline  rope, 
which  takes  from    15  to   zo  tubs  at  a  time,  delivers  the  empty 

Each  tut^e  follows  behind  the  other,  and  as  only  a  very  short 


parting  eiista  between  the  aeaais,  there  Ls  considei-able  breakage, 
as  the  faces  cannot  possibly  proceed  at  a  greater  speed  than, 
say,  2  yds.  per  week,  and  as  the  distance  at  which  the  face  of 
one  seam  lies  behind  another  is  about  lo  yds.,  the  coal  in  each 
case  has  only  five  or  six  weeks  in  which  to  settle  down  or 
deteriorate  before  being  worked. 

The  main  flat,  A  B,  is  made  to  last  a  long  time,  generally 
two  01'  three  months,  and  the  faces  adjoining  the  road  aro 
allowed  to  bang  back  a  little,  as  making  a  new  flat  is  rather  an 
expensive  business. 

Bpontaneoiu  Combustion.— Some  seams  of  coal  are  particu- 
larly liable  to  spontaneous  combustion,  the  first  i-igns  of  which 
are  given  by  a  peculiar  smell,  termed  "fire  stink."  This  un- 
desirable state  of  affairs  is  produced  by  three  agencies  :  (o)  oxida- 
tion of  the  organic  conntituents ;  (6)  iron  pyrites ;  (0)  pressure. 
The  first  is  undoubtedly  the  main  one,  but  is  assisted  materially 
by  the  other  two. 

(a)  Oxidation  of  the  Organic  Constituent.— B.ichter'af  experi- 
ments satisfactorily  demonstrated  the    high  importance  of  this 
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*Wtion,  and  it  may  be  looked  upon  as  being  the  most  effective 
<jf  the  three.  Coal  absorbs  oxygen,  one  part  combining  with  the 
CBfboa  aod  bydrogeu,  forming  carbonic  acid  and  water,  while 
the  other  entere  into  combination  witli  the  coal,  and  propor- 
tio Dally  increases  ite  weight.  This  alone  would  fix  careful 
attention  on  this  action,  aa  it  is  found  that,  before  combustion, 
roid  so  inclined  emits  large  quantities  of  carbonic  acid  gas. 
Heutiog  results  from  the  absorption  of  oxygen,  and  absorption 
is  favoured  by  beating,  moisture,  fine  division,  and  absence  of 
light;  ever.t'thing  thus  combines  to  favour  decomposition. 

(6)  Iron  Pyritts. — This  .substance  on  decomposing  yields,  first, 
ferrous  sulphate,  and,  secondly,  feiTic  Hiilphate ;  the  former 
makes  its  appearance  in  the  form  of  colourless  fibres,  pi-otruding 
here  and  there  from  the  face  of  the  coal,  while  the  latter  is  of  a 
brown  colour,  and  is  more  frequently  observed,  These  products 
may  suffer  further  decomposition,  sulphuric  acid  being  sometimes 
fuiiued,  and  as  their  volume  exceeds  tliat  of  the  original  pyrites, 
disintegration  of  the  cool  is  effected,  together  with  a  small  heating 
in  close  proximity  to  each  lump  of  pyrites.  The  beat  generated 
is  quite  incapable  of  commencing  a  fire,  but  it  may  help,  in  a 
great  degree,  the  action  of  other  agents.  Ferric  sulphate  is 
reduced  to  ferrous  sulphate  by  contact  with  small  particles  of 
carbon,  and  hence  may  act  as  a  carrier  of  oxygen  to  the  organic 
constituents  of  the  coal. 

(c)  Friction /rot/i  Slipphigg.^Pressure  from  the  roof  on  jiQlars 
cracks  them,  and  grinds  the  irregular  sides  of  these  fissures 
together,  thus  producing  hea.t  and  a  considerable  quantity  of  fine 
coal.  Now,  email  coal  does  not  absorb  more  oxj-gen  than  large 
coal,  but  it  does  so  more  rapidly,  and  the  temperature  rises  very 
quickly.  Really  solid  pillars  never  fire,  it  is  only  when  they  are 
being  crushed  tJukt  combustion  occurs.  The  heat  acting  on  the 
small  coal  produced  by  the  grinding  action,  may  also  subject 
it  to  the  process  of  slow  diBtlllation,  and  produce  a  quantity 
of  bituminous  matter,  which,  on  the  addition  of  fuilher  heat, 
suddenly  bursts  into  flame. 

Detydopment. — The  oxidation  of  iron  pyrites  cannot  be  looked 
upon  as  the  primary  agent  in  pi'oducing  combustion.  The  amount 
of  heat  that  would  be  given  out  by  the  oxidation  of  the 
quantity  of  sulphur  in  any  coal  can  be  easily  estimated,  and,  on 
oilculation,  it  is  speedily  recognised  that  this  beat  could  nut 
produce  the  results  attributed  to  it,  even  if  the  pyrites  existed  in 
isoIat«cl  nodules ;  another  ai'gument  in  favour  of  this  is  the  vety 
alow  nature  of  the  process ;  the  heat  produced  is  consequently 
dissipated,   and    only  a  small   heating  of    the    particlett    takes 

There  can  be  little  doubt  that  the  decomposition  of  iron  pyrites 
ia  eminently  favourable  to  spontaneous  combustion  ;  on-iug  to  the 
'tsiiitegratioii  produced,  it  allon-s  the  coal  to  be  more  readily 


: 


173  TEXT-BOOK  OF  COAL-MININa. 

permeated  hy  cuireDts  of  oxygen,  and,  b;  the  heating  prodnoBd— 
fcmall  though  it  may  be — favours  the  action  of  such  ourrents. 

When  the  first  agent  is  considered,  every  circumstance  seemits 
combine  to  render  the  action  successful.  Heating,  mobture,  ud 
absence  of  light  are  all  conducive  to  the  oxidation  of  the  organic 
constituents  of  coal;  it  is  in  seams  most  free  from  pyrites  thm 
spontaneous  combustion  takes  place.  The  constitution  of  the 
ix>al  seems  to  be  of  great  importance ;  it  is  only  in  bitununous 
varieties  that  thi^  undesirable  state  of  things  is  found. 

Little  can  be  aijded  to  what  has  been  already  said  on  the  bat 
produced  by  friction ;  the  principal  argument  in  favour  of  this 
view  is  the  one  already  given — viz.,  if  fire  be  found  anywhere  it 
will  be  in  the  cracks  of  pillai-s.  No  doubt  this  is  perfectly  true  u 
regards  some  underground  fires,  but  spontuneous  combustion  is 
fi'equently  found  occurring  in  heaps  of  coal  above  ground,  and 
this  coal  may  contain  a  very  small  percentage  of  p3rrities.  To 
account  for  the  fire  under  such  circumstances  is  impossible,  uiHtm 
the  oxidation  theory  is  admitted;  and,  in  the  opinion  of  the 
author,  this  action,  in  the  majority  of  cases,  is  the  prinaiy 
af^ent,  although  either  of  the  other  two  in  conjunction  may  gnatlv 
facilitate  it. 

Prevention. — This  can  only  be  done  by  the  loading  up  and 
removal  of  all  fine  slack  and  refuse.  A  vigorous  current  of  oo<d 
air  must  be  circulated  through  the  workings,  cooling  the  surface 
of  coal  over  which  it  sweepa  The  practice  of  reduciog  the 
quantity  of  air  passing  cannot  be  too  strongly  condemned  ;  such 
pi'ocedure  increases  the  i-isk  of  combustion,  because  sufficient  air 
is  always  left  for  oxidation,  and,  owing  to  the  small  volume,  the 
air  gets  heated  higher  than  the  surrounding  strata,  and  consS' 
quently  aids,  instead  of  impedes,  the  risk. 

There  is  a  point  at  which  a  vigorous  current  of  air  is  inad' 
visable ;  if  combustion  has  broken  out  the  quantity  of  air  should 
be  reduced,  but  until  that  point  is  reached  a  diminution  in 
quantity  only  acta  detrimentally. 

In  longwall  workings,  close  and  efiective  stowing  of  the  gob 
with  roof  stone  is  the  best  preventive ;  if  sufficient  material  a 
not  available  to  completely  fill  the  excavation,  the  packs  should 
take  the  form  of  square  cogs,  and  be  arranged  draught-board 
fashion.  In  thick  seams,  as  there  is  practically  neither  roof  nor 
sides  to  timber  to  in  the  workings,  the  only  method  of  dealing 
with  a  fire  is  to  isolate  it  by  damming  off  the  affected  area. 

If  a  fire  occurs  in  a  fast  road,  or  in  the  gob  in  a  thin  seam,  w 
attempt  should  always  be  made  to  dig  it  out.  As  an  additicmal 
safeguard,  lines  of  water  mains  are  often  laid  along  all  the  principal 
roads,  these  pipes  being  connected  to  the  water  behind  the  tublntig 
in  the  shaft.  High  pressure  water  is  invaluable  at  coUieries  liable 
to  spontaneous  combustion  ;  if  a  fire  is  attacked  vigorously  at  its 
-commencement  it  is  often  mastered,  but  when  it  attains  fair  pro- 
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^  bat  be  a 


IS,  it  may  not  only  occftsioQ  c 
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CHAPTER   VTIL 

HAULAGE. 

. — During  the  present  century  no  branch  of 

various  o})erations  in  coal  mining  has  improved  more  thun  hauJ- 

^^e.  In  the  olden  times,  carrying  the  minerftl  on  the  shoulders  of 

^^*«n  or  women  was  the  method  univwi'ally  employed,  and  is  stiU 

j^^j-ried  out  in  places  where  civilisation  ia  jmnerfect.     The  practice 

ri^*  however,  adopted  in  one  jnstunce  in  our  own  country,  where 

Vie  (Mnditions  are  such  that  any  other  syBtem  would  be  imprHttio- 

^-\)l6 — vii.,    the  ironntone  mines  of  the    Forest    of    Dean.     The 

^^■^irliest  improvement  consisted  in    the    introduction    of   sledgps, 

^^hjchare  now  employed  to  a  limited  extent,  for  hauling  coal  from 

^le  working  places  in  thin  seams  to    the    roadways,  as    it    ia 

^  *a practicable  to  lay  a  line  of  tiumway  along  the  face.     In  the 

^liin  seams  of  the  Somersetshire  coalfield,  where  the  coal  is  14  to 

46  ia.  thick,  roads  4  to  5  ft.  high  are  carried  up  to  the  face  at 

<Iistances  of  about  40  yds.  apart,  and  along  these  tubs  are  brought. 

^n  the  face  the  coal  is  loaded  on  to  an  ordinary  plank  about  11  in. 

\>road,  and  6  ft.  long,  one  end  of  which  is  fastened  to  a  piece  of 

«hain  having  a  hook  nt  the  end  farthest  from  the  pliuik.     The 

chain  is  passed  between  a  boy's  legs  and  the  hook  connected  to  a 

a-ing  on  a  leather  belt  fastened  round  his  waist.     The  plank   is 

vlra^'geil  to  the  way-end,  and  its  load  placed  in  the  tub  waiting 

At  this  point,  it  may  be  stated,  that  it  is  a  great  advantage  to 
have  only  one  loading.  Every  time  coal  is  emptied  from  one  tub 
10  another,  breakage  results,  and,  in  addition,  it  costs  money  and 
labour. 

BailH.^At  the  present  time,  pi-actically  all  the  rails  used  are 
of  the  llange  pattern  ;  bridge  and  angle  designs  having  been  aban- 
k  doued.     The  sections  employed  have  gradually  got  heavier,  owing 

\        tothe  more  permanent  nature  of  the  ways,  and  the  desire  to  make 
1         baulage  work  as  smoothly  and  with  as  few  hindrances  oa  possible. 
I         There  can  be  little  doubt  that  the  wear  of  a  rail  is  largely   In- 
I         fluenced  by  its  composition,  but  the  shape  of  the  section  and  dift-   1 
I         pmition  of  metal  in  the  difierent  parte  is  of  greater  moment,  < 
I         Ueiag  heavy  rails  does  not  necesGarily  ensure  long  n 
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The  deaigniag  of  rail  sections  has  of  late  recei^'ed  consi'lerBlilt 
att«ntioD,  especially  in  the  United  States,  and  sereral  papers  n 
the  subject  have  been  contributed  to  the  Amer.  Znet.  M.  E.* 
These  refer  to  the  heavier  sections  employed  on  railways,  but  in 
none  the  less  true,  if  applied  to  the  designs  in  tise  in  collieritf. 
The  chief  points  brought  out  are,  that  the  head  should  have  u 
broad  a  weariog  surface  as  possible,  and  should  not  be  too  -leep. 
If  too  much  metal  ia  in  the  head,  the  temperature  at  the  tinish  d 
the  rolling  process  must  be  high,  which  produces  a  metal  loose  ia 
structure  that  rapidly  wears  away  in  use.  On  the  other  haiiil,iE 
the  rail  is  finished  by  colder  rolling,  the  compactness  or  phjsol 
hardness  of  the  metal  is  increased.  It  is  evident  that  the  smaller 
the  section  the  deeper  will  the  effect  of  the  compression  of  tbs 
rolls  penetrate,  and  the  finer  will  be  the  grain  of  steel. 

The  American  Society  of  Civil  Engineers  appointed  a  Cem- 
mittee  to  draw  out  Home  standard  i-ail  .sertious.  ami  a  report  li 
the  progresB  made,  has  recently  been  published.t  Ten  differenl 
sets  of  denigns  were  prepared,  the  following  dimensions  averapug 
afl  nearly  as  may  be  to  the  individual  sections,  if  any  wide  dera- 
i^as  which  appear  in  one  set  of  sections  only,  be  neglectri: 
1.  radius,  top  comer  J  in.,  lower  corner  yV  in.,  verlial 


Head,  i 


aides,  percentage  of  metal  41.5  ;  A'eot,  \  in.  top  and  bottom  fill* 
radii,  sides  either  straight  or        *  "       '' ' 


It  replaced   a    r 
urangement  of  n 


•adius  (there  appears 
diversity  of  opinion  on  Itw 
point),  percentage  of  meUl 
21. o;  Base,  37.5  percent^ 
metal,  width  same  as  bei^ 
of  rail,  sides  vertical,  with 
■^  in.  top  and  bottom  comff 
radii,  angle  of  head  and  tOf 
of  base  alike,  13  degi«ei 
(about  4j  to  i).  The  width 
of  the  head  is  0.54  and  ^e 
depth  of  head  o.sS;  of  ibe 
total  height  of  rail.  Kg.  191 
shows  a  section  of  nul  wee- 
ing 30  lbs.  to  the  yard^ 
signed  on  these  lines,  wfaid) 
the  author  is  employing 
largely  on  main  roads  at  ft 
'  colliery  where  the  total  load 
of  coaJ  and  tub  is  35  owt 
il  weighing  39  lbs.,  in  which,  however,  the 
iterial  was  bad.    The  disposition  of  the  raateriJ 
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«o  St  to  obtnin  the  greatest  wear  with  the  least  weight,  is  of  the 
^rmteat  importance,  ae  the  rail  Bccoiint  at  large  collieries  is  quit« 
C'liough  without  wasting  more  00  putting  steel  into  parts  where  it 
is  not  wanted. 

Mr.  P.  H.  Dudley*  prefers  to  place  the  line  of  the  radii  for  the  "■ 
^ides  of  the  web  abovo  the  centre,  so  as  to  make  the  lower  portion 
otthe  web  thicker,  for  the  following  reasons: — To  more  nearly 
equalise  the  Lent  of  the  section  between  the  bnae  and  the  head, 
ptmitting  colder  rolling ;  t-o  lower  the  neutral  axis,  better  equal- 
■ing  the  stimn  of  the  metal  between  the  bnse  and  the  head,  and 
Briieokiiig  the  tendency  to  permanent  set ;  to  check  the  t<>ndency 
Al  the  web  to  bend  near  the  base  of  the  rail  nnder  heavy  tiu£c. 
'  The  following  speciiicationt  is  recommended  when  ordering 
^^  manufacturers: — 

The  section  of  rail,  wlien  rolle<3,  shall  conform  to  the  template  farniEho'l ; 
■nth  an  ailowBDCB  in  tiei^ht  oE  ^  inch  under  and  ^V  inch  over  permitted. 

The  length  of  rail  shall  be feet  ;  a  variation  iu  length  of  one  quarter 

"t  no  inah  longer  and  shorter  will  be  allowed. 

^e  rails  must  be  free  from  all  mechanical  defeats  and  flnws,  Bhall 
^  SBWed  sqnare  at  the  ends,  and  the  burrs  made  by  the  faws  caretolly 
^pped  or  filed  oS,  particnlnrly  nnder  the  head  and  on  the  top  ot  the 
BttCige. 

The  rails  shall  be  smooth  on  the  heads,  straight  in  all  directions,  and 
^tiumt  any  twist  or  kinks,  particular  attention  being  given  to  having  the 
^d«  without  any  drop. 

The  steel  lo  contain  as  high  a  percentage  of  carbon  as  the  makers  are 
'"illing  to  put  in. 

In  the  working  places  the  lightest  weight  possible  of  i-ails  should 
■^  employed.  Just  strong  enough  to  CEirry  the  loaded  tubs, 

LengUi  of  Bails. — In  the  workings,  the  usual  length  is  5  ft., 
Of  sometimes  3  ft.  when  a  longer  length  is  inadmissible.  The 
length  should  be  such  that  the  weight  is  small,  in  order  that  the 
V-nrkmen  can  easily  move  them  about,  as  it  is  here  that  the 
greater  quantity  of  rails  are  lost  by  falls.  For  laying  the  main 
%x>ads  no  purpose  is  served  by  short  rails,  and  for  such  situations, 
their  length  nearly  approsimates  to  those  employed  on  surface 
^ailwaj-s. 

Qauge, — The  most  general  gauge  is  34  in,,  although  it  varies 
from  18  in.  to  30  in.  With  narrow  gauges  the  operation  of 
tipping  the  tubs  aidewajm  is  facilitated  ;  indeed,  the  objection  to 
a.  narrow  gauge  is  the  ease  \vitb  which  tubs  are  overturned. 

Methods  of  Laying  Bails. — Two  considerations  have  to  be 
borne  in  mind  here.  In  the  working  places,  especially  where  the 
longwall  system  is  used,  rails  are  being  frequently  t^en  up  and 
relaid  in  another  position.  This  happens  eveiy  time  the  face 
advances,  and  as  a  result,  the  way  is  not  pnt  down  with  much 
r^ard  to  evenness  of  road, 
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i.  78[. 


t  Ibid.  jmi.  138. 


178 


TEXT-BOOK  OF  COAL-MINING. 


FlQB.   193  ABS  194. 


L 


On  the  other  Limd,  greater  care  is  taken  in  layingthe  rails  in  the 
main  roB-d, because  the  line  iBapciinanentoneiand  must  bekeptiii 
good  condition,  in  order  that  reeietances  to  traction  maybe  reduced 
to  a  minimum.  Care  if)  taken  to  make  the  gradient  as  regularw 
possible ;  the  rails  are  kept  perfectly  straight,  or,  if  curves  are 
necessary,  they  Rhould  be  bent  by  a  machine  ainiiiar  to  those  nwd 
on  railways.  At  many  large  collieries  an  experienced  p1ut«)ay«' 
is  employed,  who  su{ierintends  the  laying  of  the  main  roiids. 

In  laying  curves,  the  gauge  must  be  a  little  wider  than  on 
straight  line?. 

Piah-plating.— To  obtain  a  rigid  and  straight  joint  on  tb« 
main  lines,  aide  strips  of  steel  called  "  fish-p!at«s  "  are  fitted  on 
each  side  ot  the  web  (a  a,  Fig.  193)  whew 
the  rails  meet  j  holes  are  punched  throngli 
the  web  and  through  each  fish-plate,  an^ 
bolte  placed  in  them  and  screwed  up  tight- 
To  allow  for  expansion,  the  holes  throagh 
the  rails  should  be  oval,  and  to  prevent 
the  bolts  turning  round  wjien  the  nxits 
are  being  screwed  up,  either  the  holes  i^ 
one  fish-plate  are  punched  square,  or  th^ 
bolts  made  oval  for  a  short  distance  under 
the  head,  and  then  round  afteni'ards,  f* 
one  fish-plate  is  punched  with  holes  t>f 
a  pear-shaped  section  (Fig.  194),  and  tt^ 
bolt  made  of  a  similar  form  just  under" 
the  head.  The  remainder  of  the  bolt.  i» 
made  round,  and,  passing  through  the 
oval  hole  in  the  rail,  permits  the  latt«* 
to  move  a  short  distance. 

It  is  important    that  the  fish-plntts 
should  be  rolled  to  corresiwnd  with  the 
slope   of  the  head  and  top  of  the  base  of  the  lail    to  ensure 
perfect  fit. 

Sleepers.— To  give  the  road  a  solid  foundation  the  rails  are 
laid  on  transverse  supports  called  "  sleepers,"  which  may  either  be 
constructed  of  wood,  iron,  or  steel. 

Food.— The  length,  breadth,  and  thicknesH  of  wooden  sleepers 
depend  on  the  gauge  of  the  road  and  the  weight  of  the  load  ■ 
from  3  in.  to  4  in.  deep  by  6  in.  broad  is  a  common  size  The 
wood  employed  is  generally  Scotch  fir  or  larch  ;  the  former  is 
cheapest  in  first  cost,  but  the  latter  has  greater  lasting  capacitv 

To  secure  the  rail  to  th'^  deeper,  a  hole  is  gene.^y  ^nied 
through  the__base,_fljid  a  flat-headed  nail  driven  through  it  into 
■  •"  *^"  is,  that  the  hole  weakens  the 


O      O 


The  objection  to  thi  _ 

rail  to  a  veiy  great  extent    and  breakages  oft^n^r^inr^  the 
hooked  nail 


point  where  they  are  punched.     For  this 
called  a  "dog"  is  preferred.     One  of 


these  is  driven  on 


:ed  nail     | 
in  each 
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»  of  the  rail.  Here  a  point  ttoM  be  aatiad ;  the  liook  on 
(log  is  at  right  angles  to  tLe  otber  part,  vhiU  tfae  baaa  of 
I  mil  is  sloping.  As  a  result,  tto  dc^  noit  not  be  drina 
rticulljr  downwardB,  but  on  »  dope  («,  ^^  195)1  >b  onler  to 
t&in  OS  large  a  bearing  vaxhob  as  poMhIf  tiuliiuiMi  tha  ImmIe 
i  the  dog  and  the  base  (2  tbe  imQ. 

f  Tbe  objection  to  dogs  is,  tlitt  tfaflf  do  not  pnvcBt  the  nil 
ing  longitudinully  lib«  a  nail  doM  wka  pot  iiavoA  m 
jhed  bole.  The  difficult;  ia  eompletelr  o"*"™"**  ^  C"w8  • 
U  notch  out  of  the  base  of  thenil  whan  the  decponan  to  b* 
and  to  prevent  then  beiog  mtoHte  Mcb  other  awl 
ikening  tbe  rail,  those  od  oat  aide  ct  tha  baae  lead  tboae  oa 
e  other  dde,  from  i  in.  to  t|  in.  (Kg.  196).  Dm  notd  k  koC 
e  than  a  ^  in.  deep,  and  k  taken  out  Of  tbe  than  edge  of  the 


Fl<3.   195. 
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base,  instead  of  throagh  the  thickest  part,  ae  is  done  when  holes 
nr^  punched  for  nails. 

Iron. — Wrooght-iron  sleepers  have  been  largely  employed. 
They  consist  of  a  flat  strip  bent  roond  at  each  end,  to  gra^p  tbe 
b«i9e  of  the  rail,  and  then  a  block  {a,  Hg.  197)  is  riveted  on  at 
such  a  distance  away  that  it  clatches  the  other  side  of  the  r^I. 

Stttt. — Ht  Ute  jcors  the  use  of  light  steel  sleepers  has  be«>nie 
^IfoenL  In  one  form,  Colquhoun's  patent,  tbe  tails  are  fast«ned 
>v  ponehtng  two  holes  in  the  sleeper,  one  oa  each  side  of  the  base 
I  •,  the  raiL  A  Bt«el  clasp,  or  chair,  is  passed  throagh  these  holes; 
i]i«  inner  end  firmly  grasps  the  base  of  the  rail  (a.  Fig.  198),  and 
the  whole  is  secnred  in  position  by  a  wooden  key,  b.  Thesleepers 
veigfaaboot  14  Ibe.  each,  and  as  they  are  not  very  thick,  are  made 
uf    eosTU^sted    steel    to   give   extra  strength,      Ovring   co  the 
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LE  of  the  clasp,  joints  cannot  be  made  on  the  sleepm, 
and  fish-plates  hnve  to  be  employed. 

Bognull's  sleeper  is  made  extra  vide,  and  rail  joints  siuir  I* 
made  on  it.     A  central  concave  corrugation  parses   from  enij  w 
end,    and,     although    tV 
Fio.  199.  sleeper  is  narrowed  in  tl» 

middle  to  reduce  weigLi, 
room  is  found  for  two  ooe- 
vex  comign.tioQs,  one  on 
each  side  of  the  centnt 
concave  corrugation  (Hj. 
199),  The  jaws,  or  chairs,  four  in  number,  thrown  up  for  tb» 
purpose  of  securing  the  rails,  are  strengthened  by  coiTagatuHH 
at  the  back  ;  the  sides  and  end  of  the  deeper  are  turned  down, 
thereby  preventing  lateral   displacement,   eepeciallr   on  carved 

In  Hipkins's  sleeper,  the  edges  are  also  turned  down  all  the  m; 

round,  but  the  top  ia  fiat.     Instead  of  providing  foui-  small  chain 

at  each  end,  only  two  are  tht'own  up,  but  they  iire  large  ona, 

and  each  is  strengthened  by  corrugntions. 

The  author  has  employed  both  BaguivJlH  and  Hipkins'a,  with 

KLti-sfactory  results.     Being  made  of  steel,  they  are  very  h'gbt. 

weighing  only  about  12  lbs.,  and  are  cheaper  and  strong^'  tluii 

wTought-iron  ones. 
Switohea. — At  junctiona  of  rondB,  Esritehee  or  turn-outs  h«« 

to  be  employed.     For  permanent  situHtiocs  these  are  best  coo- 

t-tructed     by     the    blacksmith    and    platelayer,    copying   thow 

adopted   on    railways,  employing   guard  or  check  rails  on  tH 

curved  portions  {see  Figs.  254-356). 

In  the  working  places,  and  for  temporary  purposes,  where  tuni- 

outs  are  moved  from  time  to  time,  a  more  rough  and  ready  nmo^- 

ment  is  required.     An  ordinaiy  form  consists  of  a  movable  rail 
about  6  ft.  long  (a  5,  Rg. 
Fig.  200.  2oo)pivotedontheceati«. 

h.  This  rail  can  either 
occupy  the  position,  o  6,  or 
that  shown  by  the  dottei 
line,  a'  b.  Where  thf 
cur^'c  is  not  a  sharp  od^ 
this  device  acts  admintblv, 
but  in  quick  turns  it  I' 
not  so  successful,  as  it 

thro-ft-s  a  certain  length  of  straight  raQ  where  there  should  be 

The  more  genemi  practice  ia  to  employ  castings  fora  portioDof 
the  switches.  Middle  bedsond  wing  pieces  can  be  bought  of  tnj 
radius  and  to  any  gauge.  This  construction  ia  vary  handy,  easily 
laid  and  removed,  and  generally  applicable  under  any  conditioii=. 
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nates. — To  readily  turo  tubs  about  at  junctione  where  the 
»pace  is  limited,  the  rails  are  made  to  terminate,  aad  a  plate  of 
"WTTjiigbt  or  cafit-iron  about  3  or  4  ft.  Bquare  placed  in  the  gap. 
The  tub  can  readily  be  turned  al>out  in  any  (Urection,  but  to  guide 
it  into  its  proper  way,  with  a  minimum  of  trouble,  an  angle-iron 
giuid  ia  UBoally  secured  to  the  plate  by  mcana  of  act  pins,  and  the 
rails  leading  from  it  are  opened  out  for  a  short  distance  (Figs. 
301  and  203). 

The  continual  passage  of  the  flange  of  the  wheel  over  one  spot 
on  these  plates  gnuluaily  wears  a  groove  in  them,  especially 
wbere  there  ia  a  lot  of  traiEc,  as  at  pit  bottoms,  where  they  are 


^ 


Fioa.  201  A^ 


JecUotf  on^  jIB 


I'linlly  employed.  To  remove  an  entire  plate  taken  considerable 
nme,  and  when  removed,  the  iron  is  good  for  nothing  but  scrap. 
fo  obviate  this,  loose  wearing  pieces  should  he  introduced. 
Tlieee  consist  of  two  wedge-shaped  plates  (a  a,  Figs.  303  and 
104),  level  with  the  top  of  the  plate,  which  is  recessed  to  receive 
tliem.  The  sides  of  the  recess  are  inclined  towards  each  other, 
wthat  the  wearing  pieces  are  in  a  manner  dove-tailed,  and  when 
tH  into  position  in  the  front  end,  are  secured  there  by  niiils,  b  6, 
Pttdug  through  them  and  the  main  plate.  When  worn  out  they 
*^  be  replaced  in  two  minutes. 

Tom  Tables. — As  the  labour  of  turning  a  tnb  on  plates  ia 
ttinsiderable  owing  to  the  friction,  revolving  tables  are  smbatituted. 
These  consist  of  a  circular  frame  and  top  plate,  which,  in  its 
commonest  form,  runs  on  four  wheel  rollers. 

The  movement  with  the  above  is  comparatively  easy,  but  has 
b^a  rendered  still  more  eo  by  the  employment  of  ball  bearings. 
Ia  Hudson's  tum<table,  a 

[""•"M  of  balls,  about  3  in.  Tia.  Z05. 

n.,  are  arranged  in  an  „' 

u!«rBroove(6,  Fig.  205) 
on  ^is  the  top  plate,  c, 
I,  being  pivoted  on  a 
a,  in  the  centre,  A 
f  simple  automatic  catch  locks  the    table  in  any  dedred 
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position.  At  Lye  Cross  Pit,  South  Staffordshire,  the  line  of  rails 
riveted  on  the  tuble  top  ore  packed  up  i  J  in.  at  the  end  to  reoeiTs 
the  w&ggonH,  and  a.  stop  is  attached  to  prevent  the  tubs  runniiij 
over  it,  but  so  arranged  that  by  slight  pressure  on  a  foot  leTsr 
the  waggons  are  released.  A  staJidpost  and  lever  are  also  attaciied 
to  the  outer  edge  of  the  table,  the  lever  beiiig  armnged  to  work 
the  catch  and  also  to  pull  the  table  round.  The  advantages  uv, 
ease  of  turning,  the  automatic  catch,  and  the  fact  that  no  lubrica- 
tion is  required;  unless  turntables  of  the  ordinary  wheel  roller 
type  are  well  greased,  the  labour  of  turning  the  tubs  on  them  is 
considerable. 

TUBS. — The  general  English  practice  is  to  make  the  body  rect- 
angular, and  construct  it  either  of  wood,  wrought-irou,  or  Bteel- 
This  body  rests  on  a  framework,  genei'ally  of  wood — ftlmoBt 
invariably  oak — or  sometimes  of  iron.  To  this  frame  are  attached 
the  pedostaJa  forming  the  bearings  for  the  axles  of  the  wheels. 

Bodies. — If  wood  is  employed  in  the  body  it  may  be  elm,  luch 
or  poplar.  The  latter  is  the  cheapest  and  considered  most  bcodo- 
mical,  but  elm  seejus  preferable,  as  its  wearing  capacity  is  great.  The 
advantages  of  wooden  tuba  are  their  low  first  cost  and  the  ease 
with  which  small  repaira  are  made ;  their  disadvantage  is  the  large 
amount  of  repura  nece.^siiry.  They  are  usually  constructed  liy 
cutting  the  side  and  end  boards  to  the  required  lengths,  putting 
an  angle-piece  of  sheet-iron  nt  each  corner,  and  bolting  the  boards 
to  it.  The  bolts  should  have  half-round  heads  placed  on  the  out- 
side of  the  tub,  with  the  nuts  iuside. 

Wrought-iron  and  steel  bodies  are  largely  employed  ;  with  the 
latter  metal  the  weight  is  less,  but  corrosion  is  far  more  rapid, 
than  with  nronght-iron.  With  tectangulai-  tubs  the  body  ia 
generally  made  of  three  plates,  two  forming  the  sides  and  ends  and 
the  other  the  bottom.  The  Latter  should  always  be  made  slightly 
tliicker  than  the  former,  as  it  has  to  stand  the  continual  blows 
given  by  material  thrown  into  the  tub.  The  connection  between 
the  bottom  and  sides  is  made  with  augle-iron,  which  should  bare 
unequal  sides,  say  3  in,  by  a  in.,  the  longer  side  being  phiced 
vertically.  By  doing  so,  corrosion  is  prevented  at  the  point  where 
the  augle-iron  ends.  A  small  quantity  of  fine  coal  collects  in 
the  comers,  geta  wet  and  rots  the  plate.  If  the  angle-iron  is  made 
so  high  that  this  small  accumulation  does  not  reach  above  it  the 
action  is  stopped. 

A  band  of  fiat  strip  steel  runs  i-ound  the  top  of  the  body,  and 
the  joint  should  always  be  made  at  one  of  the  ends,  never  at  the 
sides.  Rivets  sometimes  come  out,  and  the  end  of  the  band  pro- 
jects. If  the  joint  be  made  at  the  side,  serious  injury  may  be 
caused  to  horees  through  the  projecting  part  catching  them  For 
*■-„  .„„.  ™„=..    .,v.t«  .l.„„i^  K„„„  .,„^p  ^^^  pj^^^^  outside. 


,  rivets  should  ha 
and  be  knocked  down  on  the  inside. 
The  usual  form  of  tub  employed  1 


» the  Continent  is  shown  i 


The  advantage  of  this  special  shape,  is  that  the  carry-  ^ 
g  capacity  is  increased  without  iacreasiog  the  lieight,  for,  by 

■  Midii^  in  the  sides  at  the  bott/im, 
I  jractiraJly  a  distance  eqnai  to  hiilf                     Fig.  2o5. 
I  the  diameter  of  the  wheels  is  added  ^  m 
I  to  the  body  of  the  tub,  and  yet  the          |  1/  | 

■  tolnl  height  above  the  rails  remains     '    ^ 
theeame.  With  the  Oontinental  thin 

la  this  is  important,  although,  of 
course,  the  costof  mamifacture  must 
lie  considerably  more  than  an  ordi- 
nary  rectangular-bodied  tub.  With 
tliis  construction  equilibrium  isveiy 
«lAble,aBthe  centre  of  gravity  is  low. 
They  are  made  entirely  of  steel,  the 
onlywood  employed  being  the  buffers, 
"hiob  are  situated  at  each  end,  and 
nm  right  across  the  plate-  In 
^nera],  seven   plates  are   used   in 

'lie  manufacture,  two  on  each  side,  one  at  each  end,  and  one  in 
"le  bottom.  The  side  plates  are  riveted  together,  and  the  end 
plates  secured  to  the  side  and  bottom  ones  by  angle  steel.  The 
flames  or  feet  are  channel  steel  (the  pedestals  lying  io  the  grooves), 
.lod  are  bolted  to  the  bottom  plate. 

FramSB. — -The  body  rests  on  a  frame,  either  of  wood  or  iron. 

The  former  consists  of  two  longitudinal  pieces  ruoning  the  entire 

length,  and  either  connected  by  two  cross  baulks,  or  by  two  iron 

drips.     These  beai-ers  project  past  the  body  and  form   buflers, 

jhush  should  bo  lined  up  with  the  object  of  preventing  those  on 

1  successive    tubs   getting   interlocked    when   passing  round 


^ 


The  buSer 
Fio.  307. 


as,  if  they  do,  dei-ailment  inevitably  e 
j;enerally  widened  out  by  adding  on 
S  inside  two  pieces  of  wood  and  placing  a 
rought-iron   hoop   around,  but  the  better 
tctice  is  to  employ  a  CBst-steel  or  malleable 
t-iron  shoe  (Fig.  207). 
A  Ktill  better  plan  is  to  use  iron  frames; 
they  cost  11  little  more,  but  wear  better,  and 
)u-e  a  little  lighter.     Here   the   buft'oi'S   are 
formed  byn  strip  of  wood  running  across  the 
end  of  the  tub,  and  cross -buffeiing  never  occui 
2og  fhow  a  tub  body  and  iron  framework  e 
Pit,  South  Staffordshire. 

Heigbt. — The  height  of  a  tub  is  governed  by  the  thickness  of 

■  ■earn,  but  they  should  not  be  too  deep,  or  the  breakage  of  eoal 

I  great.     In  low  seams,  if  the  tub  be  decieased  in  height  and 

a  space  between  it  and  the  roof  increased,  there  is  neither  th« 

!ntiv6  nor  the  necessity  to  break  the  coals  to  get  them  into  the 


Pigs.  208  and 

in  ployed  at  Bell  End 
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tub.  To  remove  the  necessity  atlo^tber,  one  end  of  the  iah  k 
frequently  made  hinged,  or  loose,  when  the  coal  does  not  hnve  U 
be  lifted  over  the  top  nt  all. 

Size. — The  only  advantage  of  large  tubs  (carrying  jo  lo  30 
C'vt.)  is  that  the  useful  weight  (load)  is  large  compared  with  tli« 
weight  of  the  tub.  The  disadvantages  are,  they  ure  awkwiud  to 
mriveabout,  requiring  Inrge  horses  to  haul  them,  and  when  deriil^d. 
sevenJ  men  are  required  to  get  them  on  again.  The  Uvtter  objec- 
tion pan  be  removed  to  a  certain  extent  by  the  employnicnt  of 
fiiiinU  hydifiidic  lifting  jacks,  which  can  be  readily  carried  aboul. 
The  best  site,  perhaps, is  one  carrying  from  12  to  14  cwt.;  tbfj 
are  easy  to  handle,  capable  of  being  put  on  the  rails  by  one  nun, 
ajiil  with  nny  ordinary  gradient  ran  be  moved  by  a  pony. 

Wheels  and  Axles. — Wheels  maybe  constructed <rf  cwt-iwo, 
catit-steel,  or  forged  steel,  the  former  being  rarely  employed.*   Hieii 

Fioa.  ao8  and  209. 


-1^    '    -lir 


mM  shonld  be  aa  large  aa  possible,  with  a  view  of  redociiig  bicticft 
The  height  of  the  roadways  governs  the  diameter  of  the  wheel  whtm 
rectangular-bodied  tubs  are  used,  bub  by  adopting  the  ContineDtil 

form  ali-eady  referr';d  to,  a,  large  wheel  can  be  employed  in  a  tlmi 

An  improvement  of  considerable  value  has  been  the  introductioii 
of  Eyre's  solid  foi-ged  steel  wheels,  which  are  perfectly  weldlen, 
bosses,  body,  and  rim,  being  forged  out  of  a  single  steet  bloom. 
For  the  same  strength  as  cast-steel  wheels  they  can  be  mademwJk 
lighter,  may  be  either  fast  or  loose  on  the  axle,  wear  very  well. 
and  are  prnctimlly  uvhreakahle. 

At  the  present  time,  axles  are  made  of  ordinary  round  hff 
steel,  which  is  rolled  to  such  perfection  that  it  requires  no 
turning.  While  the  diameter  should  l>e  as  small  as  possible  to 
rethice  friction,  strength  is  of  far  more  importance.  Weak  uda 
are  a  constant  source  of  lass. 


M 
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"Xfo  entirely  different  metLoiIa  are  used  for  ronnertiug  nhoolii 
*i^<l  axlee.  In  one  case,  the  wheels  are  loose  and  turn  freely  on 
(he  axle,  in  the  other,  they  are  firmly  fixed  on  the  axle,  and  both 
•*■«  forced  to  revolve  in  the  same  direction  with  the  siime  velocity, 
f  he  loose  wheel  and  asle  are  employed  on  vehicles  travelling  on 
"•binary  roads,  which  nre  very  uneveti  and  where  motion  takes 
Plttce  in  anything  but  Etriiigbt  lines,  and  as  the  roads  in  older 
t^oliieiies  neaxly  approximated  to  these  conditions,  loose  wheels 
^ere  at  one  time  Ini-gejy  employed  on  underground  i-ailways. 
^riaeir  advantage,  and  the  only  one  they  ]iosses8,  is  the  small 
*'^^5sLstance  they  offer  in  passing  round  curves.  Natui'olly  A  wheel 
5**1  the  outside  rail  passes  over  more  ground  than  one  on  the 
*t»side,  and  if  both  wheels  have  to  travel  at  the  same  velocity,  a 
^*nnding  action  between  them  and  the  rails  must  be  set  up. 

At  the  present  time,  colliery  roads  more  nearly  approximate  to 
^Virface  railways  and  as  a  result,  wheels  fust  on  the  axles  are 
*>^coming  more  and  more  employed.  On  the  straight,  there  is  less 
*x~iction  than  with  loose  wheels.  Their  great  advantage  is  their 
*^l)Sohite  trueness  of  gauge.  Loose  wheels  are  kept  on  the  axles 
^^y  cotters,  and  washers  have  to  be  placed  against  these  to  prevent 
^■sceasive  wear.  No  matter  how  carefully  they  are  looked  after 
"•^lie  gauge  is  scarcely  ever  coiTect,  and  the  cost  of  repairs  to  loose 
"^•heels,  if  cottere  and  washers  ai-e  included,  is  much  greater  than 
"■^^ith  fast  wheels. 

Drawbara. — Tubs  are  connected  together  through  drawbars, 
"^hich  are  preferahly  riveted  to  the  bottom  of  the  tub.  Indeed, 
■fclie  connection  between  iron  and  iron  should  always,  wherever 
^o^ihle,  be  made  by  rivets;  if  bolts  are  used,  sooner  or  later  they 
Arork  loose.  In  the  construction  of  tubs,  two  points  should  be 
'vhserved  :  strong  drawbars  and  strong  axles.     Nothing  is  gained 

%y  making  either  too  weak,  and  one  breakage  will  minimise   all 

the  gain  resulting  from  the  decreased  first  cost. 

Where  tubs  run   in  aet.s,  drawbars,  similar  to  those  used  on 

railway  waggons,  are  employed ;  the  coupling  chains  are  always 

attached,  and  ready  conneotion  can  be  made.    With  some  haolage 

elipi^  links  on  drawbars  cannot  be  used ;  in  such  caset',  a  piece  of 

tii.  steel  is  used  with  a  hole  through  each  end. 
Pedestals — Two  types  are  employed,  one  for  loose  wheels,  the 

other  for  fast  ones.     The 

general  design  of  the  for-  ^*''^-  ■ 

mer  is  shown  in  Figs.  210 

ni  211.  With  fast  wheels, 

18    the     axle     cannot     be 

threaded  through  a  hole  ia 

thopedestal,  the  bottom  part 

of  the  casting  is  omitted, 

and  a  wrought-iron  guard-strap  passed  around.     To  allow  of  auto- 

taatic  lubrication  tliis  strap  is  bent  on  one  side  and  leaves  the 

under  port  of  the  axle  exposed  (Fig.  213). 


iS6 


TEXT-BOOK  OF   COAL-MINING. 


To  reduce  weight,  the  peiiestals  are  best  hihHp  of  s 
as  will  be  noticed,  are  cored  out  wherever  possille. 

IiUbrication. — A  great  deal  depends  on  eitcitiut  labricati^'^ 
which  with  loose  wheels  is  nearly  impossible,  except  at  gt^^, 
cost.  With  them,  the  tub  has  to  bo  turned  over  and  liquid  ^^j 
poured  into  the  beiiringa.  Thia  not  only  means  consideral^^^ 
labour  cost,  but  the  wu^te  of  oil  is  great. 

In  some  copies,  the  tubs  are  run  over  a  pit  full  of  oil,  and  i 
doing  so  depress  a  piston,  which  shoots  up  a  jet  of  oil  on  to  eac 
bearing.     AU  the  waste  drops  back  again. 

Numerous  forms  of  self-ofling  wheels  and  pedestals  have  beex* 
designed,  the  majority  of  which  have  have  been  described  by  Mr- 
Emerson  Bainbridge,*  but  none  of  them  are  satisfactory  in  practice. 
So  long  as  they  nre  new  and  are  looked  after  by  the  officials,  good 

I'lG.  213.  Ttu.   S13. 
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results  are  obtained,  but  the  rough  work  of  collieries  is  unBuited 
to  delicate  appliances. 

A  recent  improvement  of  the  Hardy  Pick  Co.  shows  greater 
promise.  The  top  part  of  the  pedestal  (a.  Fig.  213)  is  of  thi» 
ordinary  type,  but  underneath  a  steel  dish,  stamped  out  of  one 
sheet  of  metiil,  is  fitted,  this  keeping  the  axle  in  position,  ajid  at 
the  same  time  preventing  anydust  or  dii't  getting  into  the  bearing. 
This  steel  dish,  b,  is  shaped  to  hold  a  piece  of  hair-feit,  which  is 
soaked  in  oil.  A  considerable  number  are  in  use  at  Nunnery 
Colliery,  and  it  is  stated  that  one  application  of  lubricant  every 
two  or  three  weeks  is  sufficient,  while  a  fresh  piece  of  felt  is 
required  about  every  five  weeks. 

For  wheels  fast  on  the  axles,  by  far  the  greater  number  of 
lubricators  consist  of  revolving  brushes,  or  star  discs,  which  supply 
a  small  quantity  of  oil  to  the  bearing  as  the  tubs  pa.ss  by. 
Brushes  soon  wear  out,  and  for  such  reason  the  latter  arrange- 
ment is  preferable.  Two  wheels,  one  for  each  beai'ing,  are  placed 
in  a  semicircular  trough,  and  are  genei'ally  an-anged  both  to 
revolve  and  travel   forw.qrd  a  short  distance.     They  are  seated 
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prings,  au<t    can  thus  aoconunodate    themselTeB  to  varying 
Qeight«  of  the  axle. 

The  advantage  of  this  class  of  greasers  is  that  they  can  be  put 
■ctown  anywhere,  and  are  quite  automatic.  In  a  long  haulage 
Iplane,  they  can  be  placed  at  iiit«i-vals  where  necessary,  and 
I  considerably  reduce  both  the  power  required  and  the  coet  of 
'  lubrication. 

In  the  puper  before  referred  to,  Mr.  Be'nbridge  states  that 
ihe  cost  of  greasing  tubs  at  eighteen  different  collieries,  varied 
from  0.075  ^  o.Sitd.  per  ton  raised.  Oil  gave  the  woret 
i-esults,  no  doubt  owing  to  the  quantity  of  waste.  With  grense 
and  corrugated  wheels,  the  cost  varied  from  0.075  *"  0.289^. 
per  ton.  It  will  be  noticed  that  this  result  is  over  one  half- 
penny less  than  tlie  maximiun,  and  shows  that  some  efficient 
method  is  very  desirable.  A  low  cost  may,  however,  mean  that 
the  tubs  are  badly  lubiicated. 

Haulage  by  Horses. — ^Even  where  mechanical  haulage  is  used 

3a  main  roads,  Loi-ses  have  to  be  employed  to  bring  the  produce 

From  the  worlung  places.     They  are  connected  to  the  tubs,  either 

through  the  medium  of  a  pair  of  shafts,  or  a  tail-chain  joined  to 

a  stretch-bar,  to  which  two  side  traces  are  attached.     Each  of 

these  Gyetems  has  its  advantages.     With  downhill  gradients  a 

horse  cannot  hold  back  the  load  when  connected  to  it  by  &  chain, 

Had,  therefore,  to  prevent  the  tub  running  away  and  overtaking 

tlie  horse,  the  wheels  have  to  be  "  lockered,"  which  is  done  by 

jmshing  a  short  bar  of  iron  through  tiie  spokes,  and  preventing 

the  wheels  turning.      This  is  very  objectionable,  especially  on 

undiiliiting  gradieuts,  and   causes  considerable   wear   and  tear. 

Shafts  are  dangerous  to  horses,  as  they  catch  the  timber  and 

hamper    movement,    particularly    so  in   narrow    and    heavily- 

timl^red  roads ;  they  also  prevent  the  horse  getting  out  of  the 

iray  of  the  moving  train  of  tubs  if  the  weight  overpowers  the 

f.  animal.     Up  hill  there  is  no  difference  between  cbainsand  ahafl.s. 

f      Feeding. — The  chief  item  of  cost  in  horse  haulage  is  that  dui' 

I  to  feeding,  as  not  only  may  an  excessive  charge  be  incurred, 

I  liut  the  condition  of  the  animals  may  be  so  reduced  as  to  unfit 

I  tbem  for  performing  the  maximum  amount    of    work.      The 

r  problem  ia  to  keep  them  in  the  best  condition  at  a  minimum  cost 

F  vhich  can  easily  be  done  by  a  proper  selection  and  mixing  of 

food.     It  may  be  stated  that,  however  concentrated  nutritious 

element«  are  obtained,  small  quantities  never  afford  satisfaction, 

■s  hunger  is  not  appeased  until  the  stomach  is  filled,  and,  then 

fore,  in  addition  to  foods  supplying  waste  of  tissue  (oats,  benn: 

&c.),  some  bulkier  body  has  to  be  given.     This  is  the  reason  why 

hay  and  sti-aw  are  found  in  the  feed. 

Some  prefer  to  give  hay  in  itn  uncut  state,  placing  it  in  a  rack 

vhere  the  horse  may  nibble  at  it  as  it  prefers,  whilst  others  cut  it 

[  Bp  with  straw  into  the  state  of  chaff  and  mix  it  with  hard  c 
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The  latter  procedui'e  seems  best.  Horses  going  out  of  Hit 
workings  into  the  stable  are  hungry,  and  bolt  their  food.  If  the 
manger  contains  hard  corn  only,  this  being  small  in  bulk,  u 
rapidly  consumed,  passes  into  the  stomiich  without  being  properlj 
masticuted,  and  the  animal  does  not  obtain  the  nourisluDeDt  & 
should  do.  Hay  is  then  attacked,  and,  being  in  ita  natural  state, 
hua  to  be  pulled  from  the  rack,  pieces  are  dropped  on  tlie  Soor, 
trampled  under  foot  and  lost,  thereby  occasioning  waste.  Co  tbe 
other  hand,  if  hay  and  straw  be  cut  up  and  mixed  with  the  bard 
com,  the  manger  contains  an  increased  bulk  ;  then,  if  the  hor» 
takes  its  food  voraciously,  the  first  ponga  of  hunger  are  sooa 
appeased,  tbe  remainder  is  consumed  in  a  leisurely  manner,  nod 
the  full  bcnefitti  of  the  nutritious  matter  are  obtained.  In  oddiuou, 
waste  is  minimised  with  properly  constructed  mangers. 

Regarded  fi'om  tiie  standpoint  of  cost  compared  with  benefit, 
bran  is  quite  out  of  place  as  a  food.  Its  chief  use  is  as  on  appe- 
tiser, and  for  its  con'ective  and  laxative  properties.  Sometimes  it 
is  given  as  a  mash  at  week  ends,  when  a  hoi-se  haa  to  stand  in  the 
stable  all  the  next  day,  while  others  mix  a  small  quantity  with 
each  feed.  As  it  seems  preferable  to  avoid  extremes  with  eiich 
regular  bodies  as  those  of  colliery  horses,  tbe  latter  course  i) 
generally  adopted. 

Respecting  the  different  varieties  and  mixtures  of  hard  coro, 
every  one  interested  in  the  management  of  colliery  horses  shaald 
refer  to  a  paper  by  Mr.  C  Hunting,*  in  which  the  constituents  of 
various  foods  are  fully  described,  and  the  whole  question  gmie 
into.  It  was  long  considered  that  oats  alone  were  sufficient. 
Mr.  Hunting  points  out  that  this  is  correct  to  a  certain  extentjSS 
they  contain  more  proportionate  quantities  of  nutritious  elemettti, 
but  for  very  hard  work,  such  as  underground  horses  have  to  do, 
the  consumption  of  muscle  is  far  in  excess  of  the  waste  of  any 
other  tissue,  and  food  containing  a  heavy  proportion  of  nitro- 
genous or  flesh-forming  material  mu.'^t  be  given.  If  the  choii'S 
were  limited  to  one  article,  oats  are  superior,  but  on  eqii»l 
weight  of  a  proper  mixture  of  beans  and  maixe  ^ves  better  reiiulis 
than  oats  alone  ;  better  in  a  double  sense,  because  not  only  is  iis 
flesh-forming  capacity  greater,  but  it  is  considerably  cheaper. 
Peas  ai-e  often  used  as  a  substitute  for  beans,  as  they  run  a  litUs 
che-iper,  but  are  very  heating,  and  should  only  be  used  with  care. 

Mr.  Hunting  strongly  advo(«tes  the  use  of  a  mixture  of  green 
food  during  a  short  time  in  the  summer,  but  some  discretion  is 
requii'ed  in  its  administration.  Under  no  circumstances  should  it 
be  sent  down  the  pit  when  soaked  with  rain.  It  should  not  be 
allowed  ia-bye,  where  a  tu'ed  horse  may  gorge  itself  when  waiting 
at  a.  siding. 

A  horse's  stomach  is  relatively  small  compared  with  its  bulk, 
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w  thftt  it  cannot  retain  eufficient  food  to  maintain  tlie  animal  for 
long  intei'vals.  Mangers  should  therefore  be  estahlished  at  tiie 
fiding  to  which  the  horses  travel,  so  that  they  eaa  eat  nmsll 
<|uaiititieE  while  waiting  there. 

Gott  0/  Feeding. — At  a  colliery  where  the  horses  are  on  an 
Average  15  hands  high  and  8a  in  number,  the  co^t  of  feeding 
during  the  years  1885-1892  hae  varied  from  a  majcimiim  of  i2.?5#, 
P*r  ioree  per  week  to  a  minimum  of  8.66«.,  the  average  for  the 
*bole  of  the  time  being  los,  2.891^.  Twosnmples  of  feed  ar© 
giv-en  below : — 


Coat  per  hoTH  pe 


L. 


Beans       . 

1.577  ] 

3.J04 

Mai^e       . 

3.922  \ 

-135 

2.6:5  [  7-3W 

Oats 

1.636  J 

I-530 

Bran 

9. 398 

8.239 

Haj.        . 

13.762 

14.499 

Clover      . 

1.425 

0.549 

Straw       . 

1.767 

... 

S-7S9 

Totoi 

33.4SS  lbs 

per  day.       . 

36.39s  lbs,  per  day. 

CoH  and  Life  0/  .ffw#M. ^Figures  relating  to  the  purchase  of 
•mea  at  the  same  colliery  for  a  period  of  thirteen  years  give  the 
*'^^rnge  cost  of  each  one  as  ^^21  48.  The  average  life  for  the 
'■'^lue  period  practically  amounts  to  about  eight  yeai-s,  but  the 
I'^^rcentage  of  deaths  from  accidents  to  horses  employed  being 
j  '<thei-  ]ai-ge — 6. 198 — during  the  last  six  years,  the  life  may 
letter  be  taken  at  nine  years,  which  is  the  figui'e  gitwi  by  Mr. 
r^unting  in  the  paper  already  referred  to,  where  the  life  of 
f^v^p^es,  on  an  average  at  twelve  collieries,  amounted  to  that 
^iigth  of  time.  Mr.  Hunting  gives  the  average  number  of 
*^«iaths  in  ea<:h  year  for  twenty-one  years:  borsee,  4.70;  ponies, 
^  .oS  per  cent. 

Cost  11/  Corn  CuUing  and  Osl/era. — At  the  colliery  under  notice, 
^\ie  feeds  are  all  prepared  and  mixed  at  bank  by  two  men,  and  the 
^!ost  per  horse  per  week  equals  5.296^.  Two  men  are  employed 
<^eaning  and  attending  the  horses  down  the  pit,  both  on  the  day 
^jid  night  shifts,  and  during  the  daytime  one  of  the  men  goes 
»^uud  the  different  parts  of  the  pit  and  sees  that  the  horses 
ftro  supplied  with  com  and  water,  while  the  other  cleans  out 
Btables,  &c.     The  cost  per  horse  per  week  is  is.  g.^i^d. 

Shoeing. — With  pit  horses  rough  shoeijig  is  done,  old  tciap 
iron  being  used  up  in  many  cases,  but  against  this  has  to  be  set 
tbe  trouble  and  time  the  blacksmith  is  put  to  in  going  into  the 
vorkings,  often  a  considerable  distance,  when  a  horse  caste  ashoCb 
The  average  charge  may  be  taken  as  6d.  per  horse  per  week. 
In  two  most  interesting  papers  by  Mr.  J.  A.  Longden"  the 

■  Shodng  0/ Pit  Sort*,  Biit.  Soc.  Hln.  Stud.  W.  104;  Ohea.lDBt.is.373. 
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following  directions  axe  given:  Never  pare  the  sole  ot  Cnj, 
and  only  cut  enough  of  the  boira  off  at  the  lower  end  of  the  liud 
to  allow  the  shoe  to  bed  properly ;  above  all,  reduce  the  weijElitrf 
the  shoe  b)  the  lowest  possible  point,  and  do  not  employ  ''calbni' 
on  either  heek  or  toes.  Three  nails  on  the  outside  and  two  n 
the  ineide  are  quite  enough  for  the  fore-feet,  and  the>'  sbonlJ 
never  be  placed  near  the  heels.  He  gives  the  cost  of  sbmif 
ponies  at  Clay  Cross  and  Blackwell  Collieries,  Derbyshire,  at  j.-'ji 
per  horse  per  week. 

Taking  the  average  of  many  years,  the  total  cost  incurreJ  lot 
each  horse  per  week  is  as  follows ; 

I.     d. 

Keep lo  9.£9t 

Sepairs  to  harness ......  o  z.Sjti 

Catting  and  preparing  feed    .        .        .        .  o  5.296 

Ostlers I  9.1;] 

Bnishea  and  cnrrjcombe         -        .        .        .  o  o.2aS  ■ 

Veterinary  surgeon  and  medicine  .        .        .  o  3.05' 

Shoeing ,        ,        ,  o  6,ca 

■3    S-'fi 

Arrangement  0/ Staples. — Pure  water  and  plenty  of  veDtiwM« 
ftre  eeueutial.     The  stables  at  Lye  Cross  Fit  are  shown  id  Fi^    1 

ITIQB,  314  AKD  215. 
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214  and  215.  Each  horse  has  a  stall  7  ft.  long  by  6 
and  a  corn  manger  made  with  specially  shaped  bricks,  4  ftta 
A  water  boeh  is  placed  between  each  two  stalls,  and  a  2  in,  lU 
pipe  with  down  branch  pipes  delivers  water  to  each  bosh,  *w  1 
has  a  hole  and  plug  in  the  bottom  to  allow  of  easy  emptying.  1 
The  stables  at  Eppleton  Fit  are  most  elaborate.  ^£li|iiiiif  I 
stands  in  a  distinct  arch,  5  ft.  6  in.  wide  by  6  ft.  long,  the  bri^'  I 
work  between  each  stall  being  18  in.  thick.  A  passu.gQ  is  proviM  I 
behind  the  mangers  with  communications  to  each  stall,  tiam^  I 
which  the  horse's  food  is  introduced,  thereby  not  only  faciltootiii|  I 
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that  of  the  empty  one.  The  working  capacity  of  such  (in  arrange- 
me&t  is  one-half  that  of  a  mad  laid  with  a  double  line  of  rails. 
Poc  inclines  where  intermediAte  landings  are  worked,  this  arrange- 

laeut  gires  exceUeot  results,  and  in  many  cases,  under  euch  con- 

ditions,  a»  much  miuerul  can  be  jigged  down  with  this  system  as 

t>y  aay  other. 
In  stall  ronds  goingiuto  the  working  place,  the  common  practice 

i:i  dt«ep  mines  is  to  make  a  full  set  going  down  one  road  haul 

up  the  empty  set  in  the  next  adjoining  roadway.     Where  the 

"iclination  is  gi'eat  (above  35°)  the  tube  have  to  be  placed  on 

■[■Yial  carriages  to  throw  the  coal  into  a  horizontal  position.     If 

tliis  were  not  done  the  load  would  be  emptied  as  it  passed  down 

tbe  incline. 
Blocks  or  Stops. — Arrangements  are  always  made  at   the 

up  of  inclines  to  prevent  the  tul>s 

[ireiaaturely  running  down  before  Tig.  216. 

liie  set  is  made  up.    The  common 

form  of  blocks  is  shown  in  Fi^. 

!iS,  but  where  the  inchnation  is 

'ttep.the  top  part.o,  is  stretclieil 

■"us  the  whole  width    of   tbe 

nili,  and  the  two  wheels  of  the 

tab  rest  against  it.     If  the  sets 

are  always  jigged  on  the  same 

side   a    balance    block    can    be 

usfcd  (see  Fig.  237).     Mr.  A.  R. 

Siwyer"  describes  a  good  block 

"rawigemcnt  which  is  opened  and    ■ 

^Ut  by  hand   at  a  distance,  the 

working  of  which  will  be  easily 

oadei-stood    from  Figa.  217  and 

118. 
Drums  and  Pulleyfl.  —  In 

[lermanent  situations,  and  on  long 

iodines,  drums  similar  to  thuse 

on  winding  engines  are  fastened 
on  a  shaft,  the  empty  rope  coil-  " 

iog  on  one  and  the  full  rope  on 

the  other.  A  broke  has  to  be  provided  to  retard  the  decent,  and 
to  keep  the  velocity  from  getting  too  great.  These  drums  occupy 
a  considerable  amount  of  room,  and  in  confined  situations  pulleys 
become  necessary.  These  may  either  be  fixed  on  a  vertical  or 
horizontal  axis,  and  may  be  made  for  working  with  a  chain  oi' 
rope.  Chains  are  veiy  convenient ;  they  can  be  easily  added  to,  if 
tiiB  plane  lengthens,  or  are  shortened  with  equal  ease.  They  can 
I  be  transported  much  easier  than  wire  ropes,  but  they  are 
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Leavier,  more  liable  to  breakage,  and  retjuire  a  steeper  indi- 
nation,  owing  to  the  greater  friction.  If  ropes  are  emfdoftd 
either  a  clip,  or  a  C  pulley  with  several  coils  on  it  (see  p.  307) 
may  be  uaea,  while  for  chains,  the  throat  of  the  paUejr  maydtha 
be  fitted  with  Y  gripe  or  feet,  and  in  the  ktter  case  Eeveral  tuna 
are  piutsei]  round  it.  For 
Flo.  319.  short   inclines,  with  onlj 

—  3  or  two  tubs  jigged  ^ 
time,  small  Land  jig- 
wheels  ore  employed  (Tis- 
hq),  which  can  be  readi];^ 
'  moved  about  from  pluceto 
place,  and  are  usually  se- 
cured to  a  prop. 

Brakes. — AU-roundona 
are  preferable  on  siiall 
wheels,  the  brake  -  riD§ 
being  of  cast-iron,  and  the 
strap  of  wrought'iron.  Some  material,  such  as  a  wooden  cnrti, 
nhuuld  be  placed  between ;  in  the  smaller  wheels,  a  lining  of  hemp 
rope,  attached  to  the  brake-strap  by  bolls,  gives  excellent  resultii, 
but  care  should  be  taken  to  countei'-sink  all  the  pin-heads. 

Mr,  Malissard  Toza  deseriboK  an  ingenious  fan-brake  on  a  self- 
acting  incline  plane  at  Bilbao,*  which  consists  of  four  radial 
blades,  about  6|  ft  wid9by  i6Ht.  diam.,  two  bond-bi-ak^  bmng 
also  provided  for  safety.  The  fan-brake  works  slowly  at  first  h 
the  tubs  mOTe  away,  gradually  inci-easing  in  speed  until  tin 
journey  attains  the  rate  of  10  ft.  per  sec,  after  which  motim  ■> 
uniform,  owing  to  the  resistance  of  the  air.  The  advantagesam: 
absence  of  couiinuoua  friction  of  brake-strap,  with  wear  and  teui 
uniform  velocity,  speed  capable  of  any  i-egulation  and  vamtJoa 
by  addition  to,  or  removal  from,  the  arni.s  of  the  fan,  and  1m> 
attention  while  the  journey  is  running,  none  being  reqnind 
except  on  the  arrival  of  the  waggons  at  the  top  of  the  inclines 

Bollera. — In  every  system  of  hatilage  small  rollers  shoold  bi 
placed  at  intervals,  to  keep  the  ropes  and  chains  from  dnggbf 
on  the  ground,  aa,  if  they  do,  not  only  is  the  resistance  to  ba  ant- 
come  much  greater,  but  wear  is  rapid.  The  rollers  employed  JM 
small  cylinders  on  a  spindle,  and  may  be  either  constructed  of 
cast-iron,  steel,  or  wood.  Cast-iron  ones  possess  no  advantage*, 
and  rapidly  wear  out.  For  surface  and  exposed  situations,  wood 
is  not  to  be  recommended,  as  it  cracks  and  splits  under  climatie 
influences.  Underground,  the  same  objection  does  not  hold  good, 
and  wood  is  often  employed,  it  being  contended  that  it  is  bettar 
that  the  rope  should  wear  the  roller  than  the  roller  wear  the  rope; 
the  latter  may  happen  if  steel  of  a  hard  nature  is  employed. 


*  Soo.  lud.  Mia.  (i'  S«rie],  xiv.  1065. 


employed.  .^^^ 


HAULAGE. 


*9S 


JauctioDS. — In  eteep  mines,  where  intennedinte  bangiag-on 
places  tire  -worked,  the  continuity  of  the  mils  lias  to  be  inter- 
rupted at  such  places.  The  branch  roads  pass  aivay  level,  op 
nearl;  so,  and  at  the  joioing  place  an  iron  plate  is  laid,  which  ia 
)ii-idged  over  by  rails  that  can  be  lifted  in  and  out  of  position 
(Fig.  «o). 

The  alteration  in  length  of  the  jigging-rope  is  either  obtained 
bf  adding  od  a  piece  of  chain  provided  with  large  links  opposite 


Mdi  intermediate  landing,*  or  by  employing  a  number  of  short 
pieces  of  chain,  which  lie  at  the  side  of  the  jig  when  not  in  ane. 
Each  length  is  provided  with  one  piece,  which  can  be  joined 
eithw  by  shackle  connection  or  by  a  specially  shaped  pair  of 
iinkat  (Figs.  221  and  222). 

TransmiBBion  of  Power.^One  of  the  firat  questions  to  be 
considered  in  mechanical  haulage  is  that  of  the  position  of  the 


(ist)  They  may  be  placed  underground,  and  the  eteam  gener- 
■ted  there  also. 

The  objections  to  placing  boilers  underground  are  the  great 
Jasger  of  the  fires  igniting  fire-damp,  or  the  coal  in  proximity  to 
the  boilers  or  flues,  and  the  insecure  foundation  atforded  by  the 
general  run  of  strata. 

(2nd)  The  engines  may  be  placed  underground,  and  8t«am 
generated  at  the  fiurface  and  conveyed  down  the  shaft  to  them. 

This  practice  has,  in  some  few  instances,  caused  fii-es,  by  the 
^mall  coal  which  accumulates  on  the  pipes  becoming  so  heat«d  as 
Ui  burst  into  flame.  A  loss,  which  increases  with  the  depth  and 
the  presence  of  water  in  the  shaft,  results  by  the  radiation  of  heat 
from  the  steam-pipes,  however  well  they  may  be  coated  with 
non-conducting  composition.  In  some  instances  the  lose  may 
•■wwh  fi'om  Slbs.  to  15  lbs,  of  steam  pressure,  while  better  results 

•  Miicdlanetnu  Aceidenti  in  J/i'nei,  A.  R.  Sawjer,  1889,  p.  1G3, 
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r  aside  the  i 


Putting  8 
uieiice  of  using  fiteam,  if  it  can  be  cheaply  generated — as, 
ihstiince,  by  the  waste  heat  from  coke  ovens — a  good  perfonnac(>= 
of  useful  effect  ie  given. 

At   Broorahili  Colliery,  Northumberland,"  steam  is  conveye«-c 
to  a  pump  1414  yds.  from  the  boilei's  at  bank.     All  pipes  at~^ 
coated  with  a  non< conducting  composition;  the  loss  by  condens^B 
tion  is  21.06  per  cent.   The  pressure  at  the  pump  is  13  lbs.  belo---^ 
that  in  the  boiler  at  bank. 

Mr.  Boure  +  states  that  experiments  at  B6zenet  Collieiy,  Frano^^ 
with  an  engine  situated  nnderground,  1200  ft.  away  from  tli« 
boileni,  with  pipes  about  3  J  in.  diam.,  showed  a  loss  of  iS^per  cent. 
Two  receiver  were  placed  in  the  length  of  pipes,  one  at  the  top 
of  the  pit  (306  ft.  from  the  engine),  and  the  other  at  a  furlhtu' 
distance  of  984  ft. 

In  carrying  steam  large  distances,  the  pipes  should  be  covered 
witli  a,  non-conducting  (imposition,  and  rest  on  aup- 
Kio.  aaj.      porta  fitted  with  a  roller  (Fig.  213),  so  that  they  can 
move  easily  to  and  fro.     Stn^g-box  expansion  joints 
shonld  be  used  throughout,  at  intervals  of  from  40 
to  50  yds.     The  secret  of  the  success  of  transmission, 
sceinci  to  be  due  to  providing  two   fixed   points  in 
each  length  of  pipe,  and  forcing  expansion  to  take 
place  equally  in  both  directions.  In  hoiizontal lengths, 
the  pipes  are  clamped  half-way  between  two  expan- 
sion joints,   but  where  they  are  on  an  incline,  the 
fixed  points  are  placed   nearer  the   lower  end.     In 
addition,  steam  should  never  be  turned  out  of  the  pipes.     With 
these  pi'ecautions  little  difficulty  is  experienced  from  expansion. 


Kto.  324. 


but  the  greatest  nuisance  is  in 

getting  rid  of  the  condensed 

water,    for    although    steam 

traps,   or  separators,  may  be 

placed  in  the  range,  they  only 

,  "fesb  collect  water  out  of  the  pipes, 

f\\  i   I  and    it    has  to   be   still    dia- 

i—y  i]  charged   into   the    roadways. 

The  recent  invention  of  what 

is  called    the    "  steam    loop" 

promises  to  entirely  remove 

the  above  complaint. 

At  Elemore  Colliery,  Dur- 
ham, where  the  length  of  the 
!Z4  yds.,  expansion  joints  are  entirely  dispensed  with  in 
the  shaft.   The  arrangement  at  the  surface  is  shown  in  perspective  in 
Fig.  224,  the  part  marked  A  being  a  knuckle-piece,  the  pipe  going 

t  Soo.  Ind.  Mia.  (a*  S^rie),  xiv.  297. 
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■through  two  right  angle  bends.  The  dotted  line  repi-esenta  a 
v^haia  possiog  over  wheels,  holding  a  block  of  metal  weighing 
about  lo  cwt.,  which  checks  the  too  sudden  fall  of  the  pipes  in 
the  shaft  during  contraction.  The  horizontal  length  of  pipes  in 
the  drift  is  40  ft.,  calculated  to  allow  for  a  movement  or  sprinff 
of  from  1 1  to  12  in.,  which  is  the  greatest  amount  of  expansion 
when  carrying  steam.  At  every  third  pipe  {each  9  ft,  long)  in 
the  iihaft,  support  girders  are  fixed  below  the  fiange  to  allow 
one  foot  of  slide.  If  it  were  not  for  these,  the  pipe  column 
would  bulge  on  expansion.  The  column  of  pipes  is  free  to 
move  in  a  vertical  direction,  and  the  whote  weight  is  supported 
by  a  pair  of  larger  girders  fixed  at  the  ^Xain  seam  level.  The 
iiilvantages  of  tbu  aiTangement  are,  that  expanaioh  joints  are 
completely  done  away  with,  and  the  trouble  attending  tbem, 
as,  for  instance,  the  leakage  of  steam,  which  seriously  affects 
the  roof  and  sides  of  the  mine.  This  ia  most  noticeable  at  the 
beginning  of  the  week,  when  steam  is  being  got  up,  and  when, 
owing  to  conti-act  ion, steam  iinds  vent  at  the  e»pansionioint8(where 
such  are  in  use)  until  the  column  is  thoroughly  heated  agiiin, 

■        (3vd)  The  haulage  engine  may  be  placed  on  the  surface,  and 

IwtfaB  ropes  carried  down  the  shaft. 

^M    This  is  the  practice  most  in  favour,  and  is   unquestionably 

^^ilie  beet.  With  any  method  of  haulage,  where  the  i-ope  travels  at 
high  speeds,  and  is  continuous  from  the  engines  to  the  end  of 
the  plime,  perhaps  the  advantages  are  not  so  apparent.  Hopes 
working  in  the  roadways  of  mines  are  apt  to  get  injured,  and  are 
more  liable  to  break  in  the  shaft  and  cause  damage;  but  with 
liny  of  the  slow  speed  endless  rope  systems,  where  the  shaft  rope 
is  only  used  to  transmit  power  from  the  sui-fuce  to  a  series  of 
polleys  situated  uenr  the  pit  bottom,  aud  is  not  liable  to  injury 
01-  breakage,  moat  satisfactory  results  are  obtained.  It  adds  the 
wear  and  tear  of  another  rope  to  the  expense,  but  such  a  rope 
can  be  placed  in  position  in  a  very  short  length  of  time,  compared 
with  that  necessary  to  fix  pipes,  either  for  steam  or  comprejiseduir. 
The  cost  of  excavation  for  engine-houses  underground  is  alwaya 
more  than  on  the  surface,  as  the  men  work  shorter  hours  and  get 
more  money. 

Transmission  of  power  with  wire  ropes  for  very  long  distances 
cr  circuitous  routes  is  not  to  be  recommended,  the  useful  effect 
being  small,  and  the  wear  and  tear  considerable. 

Compressed  Air. — Transmitting  power  liy  compressed  air  has 
already  been  described.  The  great  advantage  of  employing  this 
agent  is  that  a  certain  quantity  of  pure  air  is  delivered  into  the 
mine,  which  is  practically  of  no  benefit  whatever,  if  it  be  done  at 
or  near  the  pit  bottom,  where  main  haulage  engines  are  generally 
jsloced.     In  cases,  however,  where  eugines  have  to  be  worked  at 

^Lionsiderabte  distances  away  from  the  pit  bottom,  this  method  ia 

^Bnry  advantageous. 
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Electricity. — This  subject  has  also  been  considered, 
employment  offei'8  advantages  for  quick  speed  Iiaulage  at  ptwitJ 
a  long  distance  away  from  the  sLaft.  The  coDvenience  and 
with  which,  it  can  be  applied  are  it6  chief  recommendations.  11 
is  not  too  much  to  say  that  a  man  could  lay  a  greater  length  of 
electrical  mains  in  one  day  than  he  could  pipes  in  a  week.  In 
non-fiery  mines,  no  possible  objection  can  be  brought  against  this 
system,  and  byeniploying  every  safeguard  possible,  its  use  sboulil 
not  lend  to  daugei-  in  any  way. 

Dififecent  SyBtems  of  Haulage. — Hft\-ing  decided  on  tiie 
position  of  the  engines,  the  diHereut  systems  of  haulage  that  are 
iu  use  may  now  be  considered.  These  may  be  divided  into  four 
heads: 

(o)  Direct  Haulage,  where  the  gradient  of  the  road  is  sufficiMit 
to  allow  the  empty  tubs  to  run  into  the  workings  and  to  dn« 
with  them  the  haulage  rope. 

(h)  Tail-rope  Si/sUm,  where  a  second,  or  tail-i-ope,  of  li^btw 
mAe  has  to  be  uiJed  to  haul  the  empty  tubs  and  tJie  main  rope 
into  the  workings,  the  gi^ient  not  being  sufficient. 

(o)  Endleis  Chain  St/atetn,  where  an  endless  chain  passes  from 
the  engines  along  one  side  of  the  road,  round  a  pulley  at  the  tut 
end,  and  back  again  on  the  other  side  of  the  road  to  the  hauUge 
eugiues ;  the  empty  tube  are  attached  to  one-half  of  the  chain, 
and  the  full  ones  to  the  other ;  the  former  proceed  towarda  tb» 
workings,  and  the  latter  towni-ds  the  shaft. 

(d)  Endless  Rope  Si/slem,  the  difference  between  this  and  tlie 
one  last  named  is  that  a  rope  is  employed  in3t«ad  of  a  chain. 

DIBECT  ACTING  HAtIL AGE,— This  syst«m  is  employed 
for  hauling  out  of  workings  to  the  deep  of  the  pit  bottom.  It 
requires  a  t^iugle  hue  of  i-ails,  and  a  gradient  against  the  load 
sufficient  to  allow  the  empty  tubs  to  run  back  themselces,  to 
cany  with  them  the  rope,  and  to  overcome  the  friction  of  the 
drum.  As  with  other  machinery,  the  engines  should  consist  of  a 
pair.  Only  one  drum  is  required,  which  should  be  capable  of  being 
thrown  out  of  gear  and  of  running  loose  on  the  return  journey. 

Size  of  Engines  Bequlred. — The  number  of  tubs  iu  a  loaded 
train,  or  ■'  set,"  is  logiilated  by  the  size  of  the  engines  and  by  the 
pressure  of  the  steam ;  the  size  of  the  engines  depends  on  the 
quantity  of  eoal  which  has  to  be  hauled  each  day. 

To  illuatrate  the  method  of  calculating  the  size  of  en^nes 
required,  it  will  be  beat  to  assume  some  case.  Resistance  to 
traction  is  due  to  three  causes — (i)  Friction  of  axles  on  pedestals 
and  wheels  on  iwls,  proportional  to  weight;  (3)  Imperfections 
of  road-laying — i.e.,  bad  joints  and  cixjoked  ways,  pi-oportional 
to  weight  and  square  of  velocity ;  {3)  Resistance  offer«i  by  Mr 
currento. 

The  former  has  by  far  the  largest  eflect.  With  a  well-lubri- 
cated turned  axle  and  large-sized  wheel  rolling  on  a  smooth  rail, 
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small,  but  coiliei7  tub  axles  are  generally  rough, 
unciirnerl  ones,  and  can  seldom  b«  kept  perfectly  lubricated;  it, 
therefore,  is  genemlly  considereil  tliat  an  allowance  of  ^th  of  the 
weight  should  be  mndo  for  friction. 

L«t  it  be  assumed  that  75  tone  an  hour  have  to  be  hauled  up  an 
incline  1500  yds.  long,  having  an  average  inclination  of  i  in  20 ; 
that  the  tubs  weigh  6  cwt.  each,  and  carry  11  cwt.  of  ooal;  that 
tbe  pressure  of  eteam  at  the  engines  is  65  lbs. ;  and  that  the 
average  speed  of  the  set  is  8  miles  an  hour. 

Bight  miles  »  1 4080  yards,  so  that  the  epeed  per  min.  =  '-Vif-' 
=  134.6,  and  each  jotimey  takes  J^'j  =  6.4,  siy,  7  minutes,  to 
trarei  one  way.  The  time  in  and  out  will,  therefoi-e,  bo  14 
minutes,  and  allowing  3  minutes  at  each  end  for  changing  make> 
20  minutes.  Three  journeys  per  hour  should  thus  be  got  out : 
but  there  are  always  delays,  and  it  will  be  best  to  rely  on,  say,  2  J. 

Aa  75  tons  per  hour  have  to  be  delivered,  each  set  contains  ^% 
=  30  tons  of  coal,  and  as  each  tub  holds  12  cwt.  there  will  be  50 
tube  in  each  journey.  Fifty  tubs  weighing  6  cwt.  each  =  15  tone, 
therefore  the  gross  load  is  30+  15=45  tons;  but  as  tbe  inclination 
is  I  in  zo,  the  net  load  will  be  ^=  2.25  tons=  504a  lbs. 

For  this,  a  plough  8t«el  rope  2^  in.  circumference,  weighing  7J 
lbs.  per  fathom,  will  be  sufficient,  and  its  total  weight  will  be 
750x71  =  5437.5,  say,  5440  Iba.  The  net  load  on  the  engine 
will  be  =j^-  =  277  lbs. 

As  the  gross  weight  of  the  set  !s  45  tone,  the  resistance  due  to 
friction  (taking  this  @3cth)  =  ^=i.5  tons,  or  3360  Iba,;  for 
the  rope,  frictional  resistance  is  iJJ£=.  182  lbs. 

The  total  load  on  the  engine  is,  therefore  : 


Kriclion  ot  set      .        .        .     3360 

If  it  be  decided  to  have  a  drum  6  ft.  diam.  and  a  pair  of  ei 
having  a  stroke  of  3  ft.,  as  the  pressure  of  steam  is  65  lbs.  the 
sue  of  the  engines  can  be  found  by  the  rule : 

Area  of  cylinder  (o)  x  pressure  x  twice  the  length  of  6troke= 
load  X  circumference  of  drum. 

which  IB  the  theoretical  area  of  the  two  cylinders;  to  overcome 
internal  resistance  and  friction  of  engiue  35  %  of  this  amount 
should  be  added — t.e.,  147.83,  so  that  the  area  of  the  two  cylinders 
becomes  578.01,  or  each  of  thea  =  289  sq.  inches. 

The  diam. is,  therefore:  i/.jVa'i'  piivctically  19J  inches;  or.  to 
avoid  being  under  power,  siiy,  a  pair  of  ao  in.  cyl.  by  3  ft.  stroke. 
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e  reasouing  to  tiie  foiegoing. 
MAIN  AWD  TAIL  HOPE  HAULAGE.— In  this  m&hc:^ 
a  lighter  rope,  calleJ  a  tail-rope,  hu8  to  be  employed  to  haul  ba_-*i 
the  empty  set  from  the  shaft  to  the  workings,  such  addition  bm^xMg 
caused  either  by  the  gradient  being  undulnting.  or  not  RuffidexjC 
to  allow  the  tube  to  run  back  of  themselves.     Fig.  jjg  illus,rat«* 
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the  theory  of  the  system.  Two  drnms  are  employed;  on  <aie 
a,  the  main  rope  is  coiled,  and  the  other,  h,  contains  the  tail 
rope,  which  posses  from  it  to  the  extreme  end  of  the  plane  round 
a  pulley,  c,  and  is  finally  attached  at  the  back  of  the  set.  As 
this  rope  only  has  to  haul  the  empty  tubs  back  again,  it«  size  is 
much  less  than  the  main  rope,  but  it  has  to  be  twice  as  long. 

DeviaeB  for  throwing  Drums  In  and  Out  of  Gear. — Each 
drum  on  the  engine  is  alternately  thrown  out  of  gear  and 
allowed  to  run  loose,  but  should  be  provided  with  a  brake  to 
prevent  it  travelling  too  fast  and  paying  out  alack  rope.  This 
can  be  accomplished  in  several  different  ways :  either  the  dmm 
may  be  loose  on  the  shaft  and  driven  by  clutches,  or  fixed  to  the 
sh^t  and  a  slidiug-carriage  employed,  throwing  them  in  and  out 
of  gear.  If  clutches  are  employed,  they  may  be  the  same  as  those 
used  for,  and  described  under,  endless-rope  haulage.  With  drums 
running  loose,  uud  travelling  at  high  speeds,  wear  is  considerable, 
and  they  should  be  bushed  with  some  metal,  such  as  brass,  which 
allows  them  to  turn  with  little  friction,  and  is  capable  of  renewal. 
Allowance  for  wear  should  also  be  provided  on  the  shaft,  which 
has  to  be  nicely  turned.  This  arrangement  possesses  an  advan- 
tage, inasmuch  as  both  drums  can  be  placed  on  the  same  shaft, 
while  with  a  sliding  carriage  they  must  be  on  separate  ones. 

Sliding    carriages    are     generally 
Fig,  226.  moved  by  an  arrangement  of  levers, 

but  even  with  compound  levers  a  con- 
siderable amount  of  force  is  required. 
At  Elemore  Pit,  the  sliding  carriages 
f©V=>-'=^^  (Fig-  226)  are  moved  by  an  endless 

I—*    *^      ^"^  screw   gearing  into  a  cog-wheel,  on 

the  same  shaft  of  which  is  keyed  au 
eccentric,  with  its  link  going  to  the  carriage.  As  the  screw  is 
tui'ned,  the  cog-wheel  and  shaft  revolve;  consequently,  the 
eccentric  draws  its  link  forward,  and  pulls  the  sliding  caiTiage 
out  of  gear. 
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ICethods  of  Working  Brancbe8.^In  branch,  or  subordioate 
ftds,  a  return  pulley  is  necessary  at  the  far  end,  and  a  separate 
ngtb  of  rop«  k  required  for  Biicli,  both  ends  of  which  reach  to 
te  junction  with  the  main  road.  Joints  ai-e  provided  in  the 
kin-road  ropee,  and  the  branches  ai-e  worked  by  disconnecting 
a-tions  of  the  main-road  ropes,  and  attaching  the  ropes  of  the 
'anch  i^oad  to  them,  connections  being  made  by  ordinary  sockets 

Three  methods  are  adopted  for  changing  the  ropes  iinder  normal 
nditions ;  such  cases  where  the  rope  ovei-haula  iuelf— that  is  to 
J,  whei'e  it  runs  in-bye  without  the  aid  of  engine -power—aro 
ktt«rs  of  detail,  and  do  not  afiect  the  main  systems.  la  two  of 
etx,  the  ropes  are  changed  when  the  set  is  at  the  branch ;  in  the 
her,  when  it  is  at  the  pit  shaft. 

Fig.  227  illuBtratee  one  method  of  changing  when  the  set  is 
Mr  the  brancli  end.  A  shackle  connection  is  provided  in  the 
il-rope,  and  so  arranged  that  it  arrives  opposite  the  branch  at 
e  same  time  as  the  set  dot»^that  is  to  say,  it  ou^'ht  to  do;  but 

Figs,  227 
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B  in  every  other  method,  it  is  found  adviwiblp  to  have  a 
with  a  chain  and  hook  fixed  at  the  way-end,  to  winch  up 
in  rope  to  meet  the  braocb  rope,  as  it  often  happens  that 
^they  do  not  quit«  face  each  other,  which  is  not  at  all  surprising, 
considering  the  great  length  of  rope  in  use.     The  main  road  tail- 
rope  is  then  disconnected  ut  the  points  a  and  b,  and  the  Ehackles  of 
the  branch  rope,  o' and  &',  attached  tn  their  place.     As  soon  as  the 
~  le  has  Kkirted  again,  the  empty  set  leaves  the  main  road  and 
into  the  branch  one.     A  slightly  different  method  is  iUus- 
it«<]  in  Fig.  228,  the  changing  also  being  made  when  the  set  is 
the  branch.     The  end  a  I'eplaces  b,  which  is  then  brought  on  a 
)Ie  further  by  the  engine  and  connected  to  c.    Here  the  tail-rope 
rays  remains  entire. 

In  the  other  method,  the  rupes  are  changed  when  the  set  is  at 

le  shaft.     Joints  in  the  main  rope  are  so  arrnnged    tliat  when 

the  set  is  out-bye,  all  the  shackles  are    opposite    tlie  different 

bninches  ( Fig.  329).     8uppx»e  there  are  three  biiLiit^hcs.  A,  B  and 

C|  B  being  ready  for  an  empty  set.     Tlie  full  set,  wtiiih  is  stand- 

anoUier  branch  end,  say  A,  having  been  hauled  to 

l's  branch  rope  is  disconnected  from  the  main  rope,  1 

I  braaoh  rope  connected  to  it.     The  engine  is  then  started  and 


r 
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the  empty  set  at  the  sliiift  hauled  in-bye  into  the  branch  B  Tnth- 

out  stopping  at  the  bnmcb  end.     Nothing  can  be  more  Gimple 

and  expeditious  than  tliii 

Fig.  339.  method.   To  faciUtate  mit- 

,     A  tors  and  save  time,  if  it  be 

■(Vj*  desii'ed  to  bring  a  set  out 

^  from  C,  the  ropes  can  be 

partially  changed  while  A'b 

Bet  is  running. 

In  the  latter  syBtem,  no 
stop  takes  place  from  the 
start  to  the  completion  of 
the  journey,  as  the  rop«s 
are  changed  at  the  branch 
at  the  same  time  as  they 
.^■fj  are  at  the  shaft ;  while 
■  -  -  -  -  -**  in  the  other  two  methods, 
•"'"'"•^^^^^'  a  stop  has  to  be  made 
at  the  branch  end,  or  in 
all  two  stops  are  required, 
as  the  ropes  have  also  to 
he  changed  at  the  shaft. 
Where  time  ia  an  object, 
the  advantages  of  the 
third  method  are  self-evi- 

The  rope  is  automatically 
disconnected  from  the  set  wlien  it  reaches  the  shaft  either  by  a 
knock-off  link  (Fig.  230),  or  preferably  by  the  an-angement  shonii 


in  Pig.  231.  As  drawn,  the  hauling 
rope  which  is  attached  to  the  short 
length  of  chain,  a,  will  pull  the  set 
along,  but  at  the  detaching  point  at 
the  out-bye  or  shaft  end,  a  hori- 
zontal striking  har,  which  is  stretched  1 
acroRB  the  road,  catches  the  lever,  b, 
moves  it  backwards  in  the  direction 
shown  by  the  arrow,  lifts  up  the 

link,  c,  and  detaches  the  set,  wiiich  runs  down  an  inclined  "  kip  " 
to  the  shaft. 

ENDLESS  CHAIN.— This  system  differs  from  the  foregoing 
in  the  fact  that  a  double  line  of  rails  ia  necessary;  that  a  chain  is 
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^TOpIojed  trarelling  over  the  top  of  the  tubs,  and,  ks  tlie 
implies,  is  eudlesB;  that  the  speed  is  small,  not  more  thiiti  tliree 
mileG  an  hour;  and  that  the  tubs  are  attached  eiugly  nt  equidia- 
tant  intervals,  depending  on  the  quantity  required  to  be  hauled. 

Att&olinient  of  Tuba. — Where  the  gradient  is  small,  the 
weight  of  the  chain  resting  on  the  tubs  is  sufficient  to  drag  them 
ilong,  but  for  steeper  inclinations  a  Y-shaped  fork,  catching  a  link 
of  the  chain,  is  tirmly  riveted  to  the  end  of  each  tub  (a,  Fig.  206). 
DriTiDg  PulleyB. — For  giving  motion  to  ihe  chain,  two  dif- 
ItKDi  forms  of  pulley  are  oaopted.  In  one,  a  series  of  Y-shaped 
jm,  with  the  groove  at  the  bottom  just  wide  enough  to  take  the 
link  edgeways,  are  aiTanged  at  intervals  around  the  circumfer- 
ance.  The  chain  only  passes  half  round  the  pulley,  the  necessaiy 
grip  being  obtained  by  the  links  of  the  chain  catching  in  the  forks. 
Inthissj-stem,  as  with  the  endless  rope,  it  isabsolutelyneceasaiy 
foreEcient  working  that  small  guide  ("leading-on")  pulleys  should 
te  wranged  just  before  the  cliain  (rope)  reaches  the  driving  wheel, 
8}  that  it  may  be  accurately  led  on  in  the  proper  place. 


fto.  131. 


FIG.  233. 
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lustead  of  fixing  forks  in  the  throat  of  the  pulley,  a  series  of 
pieces  of  square  iron  {a,  Fig.  232)  may  be  placed  alternately  on 
"Ppoeite  sides.  This  iron  is  bent  back  at  the  top  ixi  clip  the  rim, 
tad  at  the  other  end  passes  through  a  hole  in  the  throat  of  the 
pulley  and  is  secured  on  the  underside  by  a  nut. 

With  the  ordinary  form  of  fork,  no  allowance  is  made  for  the 
lengthening  of  the  links  of  the  chain  due  to  wear.  When  ever)-- 
thing  is  new  they  are  fixed  at  correct  intervals,  grip  the  chain, 
ud  prevent  any  slip.  With  wear,  the  links  lengthen,  and  do  not 
properly  fit  the  jaws.  This  inconvenience  has  been  overcome  by 
U  arnmgement  due  to  Mr.  Briart,  which  consists  of  a  series  of  Y- 
shaped  grips  of  steel  screwed  into  the  periphery  of  the  pulley 
(Fig.  133).  As  the  links  of  the  chain  lengthen,  the  grips  are 
nitacrewed,  so  as  to  increase  the  distance  between  each,  thus  fitting 
the  altered  length  of  the  links  of  the  chain. 

The  better  plan  appeafs  to  he  to  use  a  series  of  blocks  of  st-eel, 
called  "  feet,"  arranged  at  intervals  around  the  circumference  of 
the  pulley,  and  coil  the  chain  two  or  three  times  round  to  get  the 
necessary  grip.  These  feet  are  of  an  inverted  cone  shape  in  section 
(Figs.  234  and  235),  with  the  object  of  preventing  the  chain  fioui 
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cliubiug.  ftod,  cm'JDg  to  the  r«cc«s  between  each,  the 
fereiiL-e  of  that  part  of  the  pulley  on  which  the  chaiii  woria  isl 
plan  libe  a  polygon,  preventing  any  poesibility  of  iJip.  Ibef 
also  take  any  wear,  effecting  consiilenLble  economy  from  dia 
sonrce.  They  nre  secured  to  the  throat  of  the  puUey  by  bstu 
with  counter- sunk  heads,  which  may  either  pass  through  holes  in 
the  feet,  or,  preferably,  thioiigh  a  sht  runiiiug  down  the  centi^ 
&9  the  latter  aUows  a  little  adjustment. 

Taking  up  Slack. — It  is  just  as  essential  with  endless  chiii 
as  with  endless  I'ope  that  means  should  be  provided  for  uto- 
malically  biking  up  the  slack  produced  by  lengthening  duhaf 
wear.  This  is  a  point  oft^n  neglecbed ;  indeed,  the  comam 
practice  is  to  allow  the  chain  to  extend  until  it  is  only  kept  m 
the  pulley  with  greiit  difficulty,  and  then  to  cut  out  a  pieci-.  Fit 
better  results  are  given  by  any  of  the  tension  arrangemeoti 
described  under  endless  rope  haulage. 

Working  Branches  and  Curves. — ^The  chief  adrantagacf 
the  exidletis  chain  i^  the  ease  and  Mualt  aniount  of  labour  ntt 


which  branchM  and  curves  can  be  worked.  With  hrancbe^d 
that  has  to  be  done  is  to  ai'mnge  a  seriea  of  pulleys  one  above  tb 
other  OD  a  vertical  shaft,  each  one  working  a  chain.  Even  wiU 
the  most  regular  output,  the  quantity  coming  from  any  brancbit 
seldom  the  same  as  that  fi-om  its  ueiglibour,  and  hindrances  mj 
often  occur  in  any  one  of  them.  If  all  these  pulleys  are  keyed  on 
the  upright  shaft,  the  stoppage  of  one  brunch  means  the  stojipsg* 
of  all.  To  allow  any  of  them  to  I'emain  idle  while  the  othentM 
working,  only  one,  and  that  the  driving  pulley,  is  keyed  on  tta 
shaft;  the  others  are  loose,  and  ai-ranged  to  be  thrown  ia 
and  out  of  gear  by  clutches,  similar  to  those  used  in  endless  ng» 
haulage. 

When  the  tubs  approach  a  junction  or  the  delivery  end,  the; 
are  easily  detached  by  ari'anging  a  small  guide  pulley  close  to  tb>  i 
roof,  and  passing  the  chain  over  it  (Fig.  236).  At  tins  point  tha 
chain  is  lifted  out  of  the  fork  on  the  tub,  and  detached  without 
any  manual  labour,  and  if  the  ntils  are  arranged  on  a  slope,  tbi 
tub  still  continues  moving  under  tlie  influence  of  gravity,  psse 
under  the  upright  pulleys,  meets  the  chuin  again  further  on,  and 
automatically  re-attoches  itself.  Curves  are  worked  on  the  smM 
principle ;    the  tubs  detaching  and    attaching  themselres,  ud 
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Ei^vitating  round   tlie  curved  portion.     With 
*Vltointttic  detachment  can   he  secured,  but   i 
clip  can  the  tube  re-attach  themselves. 

Means  of  Hinimiaing  Breakages. — Unfortunately  breakages 
are  common  occurrences  with  the  endless  chain,  liie  proverb 
ia  quite  tnie  "  that  a  chain  is  not  stronger  than  its  weakest 
link."  The  result  of  a  brenkage  on  a  steep  incline  may  be  very 
disastrous,  as  the  tubs  run  downhill,  sweeping  everything  before 
them.  To  prevent  tbift,  it  is  usual  to  apply 
DQ  the  loaded  roud  a  balance- blocic  arrange- 
ment (Fig.  137)  pivoted  on  a  point,  a.  In 
its  journey  each  tub  depresses  the  end,  b, 
■nd  passes  over  the  obstruction,  but  imme- 
diately they  have  gone  by  the  block  falls 
into  the  position  shown,  and  stops  the  tubs 
ranning  back. 

Where  the  inclination  is  not  steep,  the 
■Krrangement  illustrated  in  Figs.  238  and  239 
can  be  employed.  In  their  normal  position 
two  blocks,  a  a,  pivoted  about  pins  at  li. 
lie  across  the  rails,  as  shown  in  plan,  hut 
are  pu-shed  aside  by  the  wheels  of  the  tubs 
up  a  small  greased  inclined  plane,  c,  to 
descend  again  immediately  the  tuljs  have 
gonE>  by,  and  so  block  the  road. 

The  chain  is  carried  above  the  surface  of 
the  road  on  the  tubs,  that  ia,  so  long  as  it  ia 
entire ;  if  broken  it  trails  on  the  ground. 
If,  therefore,  a  series  of  Y-grips  ho  aiTanged 
in  the  centre  of  the  way,  they  do  not  catch 
the  chain  so  long  as  it  is  whole,  but  directly  it 
breaks  they  come  into  action  and  Grnily 
hoht  it. 

ENDIiESS  BOF£  HAULAOE  : — Driving  Appliances. — 
The  methods  employed  for  driving  may  l>e  divided  into  (a)  clip 
pulleys  ;  (b)  conical  wheels ;  (c)  grooved  wheels. 

(a)  Clip  PuUeys. — The  general  construction  of  these  are  that  the 
rope  is  conducted  into  a  groove,  in  which  are  placed  sliding  jaws, 
which  are  pushed  downwards,  causing  them  to  grip  the  rope 
firmly  and  prevent  slipping.  They  occupy  little  space,  are  con- 
venient, side  friction  is  entirely  avoided,  and  as  the  rope  only 
passes  half  round  the  pulley  the  bending  action  is  not  great. 

A  good  form  of  clip  pulley  is  Barraclough's.  One  side  of  the 
puUey  is  entirely  separate  from  the  other,  connection  being  made 
by  bolts,  while  any  required  distance  between  the  two  parts  can 
'  e  maintained  by  set  pins,  placed  at  intervals  around  the  circum- 
mce.     Sy  such  means,  the  pulley  can  be  altered  to  accommo- 

e  any  size  of  rope  in  a  few  minutes.     All  round  the  circiunfer- 
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ence  are  a.  series  of  taper  pockets  opposite  each  other,  inside 
work  two  sliding  jaws  (a.  Kg.  240),  which  are  hollowed  nt  d» 
bottom  and  sides  to  receive  the  rope.  These  jaws  are  seated  <n 
Bprings,  b.  When  the  rope  enters  the  pulley,  the  weight  form 
the  jaws  down  the  taper  sides  of  the  throat,  and  so  narrows  (be 
distance  between  the  jaws,  causing  them  to  grip  the  rope,  wliiJe. 
as  soon  as  the  weight  is  taken  olf,  the  springs  assist  to  release  *nd 
relieve  the  rope. 

A  pulley  employed  in  Scotland,  both  for  cable  tramwayi  ud 
mine  haulage,  ia  that  shown  in  Fig.  241,  The  ordinary  arms <i 
the  pulley  terminate  in  a  lioriwjnfal  and  vertical  flange,  a  and  I, 
to  which  are  respectively  bolted  the  taper  throat  rims,  c  and  d,  t 

Flo.  240.  Pig.  ;4I. 
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piece  of  wood,  e,  being  interposed  between.  It  is  stated  that  10 
injury  whatever  is  caused  to  the  rope,  and  Mr.  D.  Ferguson' 
gives  some  figures  which  seem  to  bear  out  that  view. 

It  is,  however,  difficult  to  see  how  any  clip  pulley  can  1 
without  flattening  the  rope ;  their  very  principle  of  action  is 
grip  or  wedge  the  rope,  and  the  greater  the  load,  the  greater  tlM 
wedging.  There  are,  of  course,  good  and  bad  clip  pulleys,  a 
pi'obably  the  latter  predominate,  at  any  rate,  they  are  respon-^U* 
for  a  great  deal  of  prejudice.  At  a  colliery  with  which  the  author 
ia  connected,  one  of  the  best  known  forma  of  clip  pulley  was 
originally  used  for  driving  rope  haulage,  but  was  removed  and 
replaced  by  a  taper  C  pulley.  Considerably  more  than  thite 
times  the  work  is  now  being  obtained  from  the  driving  ropes. 

To  avoid  the  Battening  action,  a  pulley  has   been    designed. 
aaving  a  serpentine  groove  in  the  throat,  and  (      ' 
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maine  id  the  curved  stnto,  and  does  not  wear  atr(ii(/ht,  fair 
results  are  said  to  be  obtained. 

ib)  0  Ptdleya. — To  avoid  the  flattening  of  the  rope,  C  pulleysare 
employed,  wliich  originally  consisted  of  a  pulley  in  the  shape  of  a 
C<  around  which  the  rope  was  coiJed  several  times  to  give  the 
necessary  grip  aud  prevent  slipping.  Hero  flattening  is  certainly 
avoided,  but  another  disadvantage  is  introduced  in  the  shape  of 
side  friction.  On  their  adoption,  it  was  found  that  the  pulleys 
wore  in  rather  a  peculiar  manner;  their  dished  form  was  soon 
lost  and  the  diameter  of  the  coming-off  side  became  less  than  the 
going-on  side.  Seeing  that  the  pulley  wore  in  this  way,  it  soon 
became  the  practice  to  construct  them  so,  and  now  the  great 
majonty  are  made  slightly  conical,  the  diameter  of  the  going-on 
side  being  Inrger  than  the  coming-offside. 

The  throat  of  the  pulley  is  made  parallel  (Fig.  241),  but  loose 
wearing  segments,  a,  are  bolted  in.  These  wearing  segments  save 
large  sums  of  money.  A  pulley  costs  from  jQi  5  to  ;£io,  while  the 
segments  can  be  obtained  for  ^3.     In  addition,  the  segments 
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can  be  changed  in  a  short  time  and  are  easily  handled ;  pulley 
changing  not  only  requires  far  longer  time,  but  considerably 
more  men.  Another  point  is  that  pulleys  should  always  he 
purciiaMd  in  halves ;  in  such  state  they  can  be  transported  and 
got  into  place  with  half  the  expense  they  otherwise  would.  Loose 
wearing  segments  and  pulleys  in  halves  have  materially  reduced 
the  cost  of  modern  rope-haulage. 

As  to  the  amount  of  taper  necessary,  esperience  is  the  only 
guide,  but  the  heavier  the  load  the  greater  it  must  be.  If  pro- 
perly proportioned  these  pulleys  work  very  smoothly ;  the  rope 
practically  does  not  slip  downwards,  but  follows  a  serpentine  path 
Irom  the  time  it  goes  on  at  the  top  until  it  comes  oS  at  the 
bottom.  Side  friction  is,  to  a  cei'tain  extent,  avoided,  as  practi- 
cally none  exists  between  the  successive  coils,  but  where  the  rope 
leads  on  the  pulley  there  is  a  email  amount  against  the  upper  coil, 
which  is  an  objection.  Also,  to  obtain  good  results  the  speed 
must  be  rather  slow  ;  practically,  it  would  hardly  be  possible  to 
go  more  than  three  miles  an  hour. 

(e)  Grooved  PuUej/g. — Is  order  to  get  rid  of  side  friotioD 
Mad  prevent  the  slipping  which  takes  place  on  taper  C  pulleys, 
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a  series    of    [lamllel    grooves    are    put    in    the    main    lirivindMv 

S alley,  and  a  similai'  pulley  with  one  groove  les'^,  placed  soia^K^e 
iataoce  away,  the  rope  being  wouud  from  one  to  the  other,  eapi  h 
coil  hftving  a  separate  groove  to  work  in.     As  each  coil  onF,^ 
passes  half  round  the  circumference,  and  as  the  second  pulley  is 
not  a  driver,  but  a  follower,  the  rope  has  little  grip,  and  cons«' 
quently  several  grooves  have  to  be  employed  on  each  pulley.     To 
meet  this  objection,  the  rope  is  frequently  taken  from  one  pulley 
to  the   othei'  in  the  form  of  the  figure  cO,  but  aJthoiigh  tLis 
reduces  the  number  of  coils,  the  rope  is  bent   backwards  aod 
forwards,  foi'  it  passes  under  and  over  the  pulley.     This  not  only 
injures  it,  but  shortens  its  life,  as  compai-ed  with  a  rope  alwa)-5 
coiling  round  a  wheel  in  the  name  direction. 

Another  method  to  lessen  the  number  of  ooils,  is  to  drive  both 
pulleys,  which  is  the  common  procedure  on  cable  tramways.  No 
matter,  however,  whether  both  pulleys  are  driven,  or  whethei"  one  is 
a  follower,  they  only  work  properly  when  the  grooves  are  of  equal 
diameters.  When  new,  this  condition  is  possible,  as  the  pullevs 
can  be  turned  in  a  lathe.  The  greatest  strain  during  working 
natui-ally  comes  on  the  fii'st  groove,  which  is  therefore  subjected 
to  more  wear  than  the  second,  while  the  latter  also  wears  far 
more  than  the  third,  and  so  on.  By  such  action  the  grooves  not 
only  increase  in  depth  but  do  so  unequally.  From  the  time  the 
rope  pusses  into  the  first  groove,  to  the  time  it  leaves  the  last  one, 
no  slipping  can  result.  It  is  also  evident  that  when  the  wear  in 
the  gi'ooves  has  progressed  to  such  an  extent  as  to  make  a  difference 
in  the  diameters  of  the  first  and  the  last  one,  the  speed  of  the  rope 
is  governed  by  that  of  the  groove  having  the  smallest  diameter 
(the  going-on  side),  and  a  point  on  the  circumference  of  the  largest 
groove  will  obviously  travel  faster  than  this.  As  it  ie  impossible  for 
the  rope  and  pari  of  the  pulley  to  travel  at  different  speeds,  a  grind- 
ing action  between  the  pulley  and  the  rope  is  set  up,  and  the  latter 
rapidly  wears  out.  To  show  the  extent  of  the  weai-  in  the  grooves, 
it  may  be  stated  that  after  three  years'  wear,  those  in  the  leading 
drum  of  a  cable  tiumway  line  measui«d  respectively,  aj  in,,  z|  in,, 
ig  in.,  2\  in.,  3  in.,  and  4^  in.  deep. 

When  the  grooves  are  fixed  together  as  in  ordinary  pullevs,  each 
groove  tightens  one  coil  of  rope  on  the  other,  until  when  the  last 
groove  is  reached,  the  strain  amounts  to  so  much  that  it  has  in 
actual  cases  sometimes  broken  the  pulley,  or  in  others  the  rope. 

For  such  reasons,  instead  of  the  second  set  of  grooves  being 
made  in  one  solid  pulley  keyed  fast  to  the  shaft,  a  number  c^ 
separate  pulleys  running  loose  on  a  bearing  are  employed,  this 
being  the  form  adopted  at  Lye  Crc^s  Pit.  A  pulley  7  I't.  diam., 
having  five  grooves,  is  keyed  on  to  the  third  motion  shaft  (a,  figs. 
243  and  244),  and  four  loose  pulleys,  6,  are  threaded  on  a  shaft  rgft. 
away.  The  in-going  rope,  0,  is  led  on  to  the  underside  of  the  first 
groove  on  pulley  a,  coils  half  round  it,  and  passes  on  to  the  first 


IoG«e  pulley  e.t  b,  and  then  back  again  to  tlie  second  groove 
pulley  a  and  so  on,  ontil  it  finally  leaves  the  last  groove  on  a  ano 
.way  at  d.     By  auoh  means  the  wear  on  the  driving  rope  it 


rwJueed  to  a  mimmum,  for  the  aecond  set  of  loose  pulleys  can 
iiiove  at  varying  velocities,  and  so  aocommodate  themselves  to  the 
Werent  speeds  required  by  the  unequally  sized  grooves  of  the 
*>lid  driving  wheel.  The  objection  is,  that  as  only  one  pulley  is 
driven,  a  large  number  of  grooves  have  to  be  employed  where  the 
Iwd  to  be  moved  is  a  heavy  one. 

The  Walker  Differential  Pulley,  adopted  at  Bell  Bud  Kt,  oom- 
[''(^tely  gets  over  all  didiculties. 


FlQ.  245. 


Ci 


t« 


v^ 

,^.-*_ 


Briefly  described,  it  consists  of 

*  seiies  of  loose  rings   (a,    Fij 

'4S),  threaded  on  to  an  ordin  11  \ 

pfllloy,  these  rings  being  grno\  <■  1 

'o  receive  the  rope       Both  pul 

lej's  have   loose  rings,  and  both 

**«   driven,   the  second    pulley 

having  one  less  groove  than  the 

Swt.  The  flange,  il  on  one    He 

™  the  pulley  is  lemovablt      ui  1 

'wured   in    position  bj    i    ■■tic 

"f  bolbi,  e    indiarubber  wnslifm 

''nng  provided  at  g  and  A  to  prevent  the  bolts  becoming  loose 

fluring  working. 

The  peculiar  point  appears  to  be,  that  nil  the  grooves  are  loose. 
At  first  sight  it  would  be  thought  that  at  least  one  tixed  groove 
niust  be  provided  to  obtain  thp  required  grip ;  but  tliLs  is  not 
"Wessary.  The  explanation  appears  to  be  that  the  pi'essure  of  the 
rope  in  the  groove  of  each  individual  ring,  is  transferred  to  the 
■foderaidie  of  the  ring,  hence  the  friction  is  just  aa  great  there  as 


J_^ 
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it  would  be  under  the  rope  if  the  pulley  had  Bolid  gtvoyea.     &^    | 
ring  adjusts  itself  to  the  unequal  Etrain  od  the  ropo,  or  wear  in 
tlie  groove,  and  constantly  accommodates  itself  to  theee  eondilioi*    I 
whilst  in  motion.     The  fact  that  the  ropes  equalise  themselTWO"    I 
the  rings  gives  each  wrap  its  proportion  of  duty,  and  there  is  no    1 
necessity  to  secure  any  of  the  grooves.     It  is  essentially  a  frictioii  1 
drive,  with  each  ring  accommodating  itself  as  explained.    The  rop0  I 
never  moves  on  the  grooves,  as  is  proved  by  the  fact  that  when  it  I 
is  at  work  the  impression  of  the  rope  is  left  in  the  oO  at  tlk&  I 
bottom  of  the  rings,  which  conclusively  shows  that  no  slipping  tiko^  I 


FlOS.   346  AND  347, 


place.     The  bottom  and  aides  of  thi 

cated  by  automatic  grease-cups,  in sev 

jiide  of  the  rim  of  the  pulley,  a  groove  being  provided  oppodte 

each  hole,  as  shown  at  c. 

The  complete  design  of  whnt  may  be  taken  as  the  mo&t  modem 
type  of  endless  rope  haulage  plant,  as  adopted  at  Bell  End  Pit,  is 
illustrated  in  Figs.  146  and  247,  It  conaista  of  a  paii-  of  16  in. 
cyl,  engines  by  2  ft.  6  in.  stroke.  On  the  crank  shaft  is  a  pinion, 
a,  s  ft.  diam.,  gearing  into  a  crown  wheel,  b,  tS  ft.  diam.  on  the 
second  motion  shaft.  This  is  provided  with  three  bearings,  and  on 
it  is  keyed  a  pinion,  c,  3  ft.  diam.  geni'bg  right  and  left  into  ci-owa 
wheels,  d  and  e,  7  ft  6  in.  diam.,  each  keyed  on  to  third  motion 
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"bafti  provided  with  two  bearings,  one  of  which  is  carried  on  a 

sjiecia!  bed-plate,  while  the  other  is  eituatod  on  a  prolongation  of 

I  Un  right-tmnd   engine  bed-plate.     Thu  two  third-motion  shafts 

Bverhanc  their  rigfat-band  bearings,  and  on  the  otitaide  ia  keyed 

"Kto  Walker  differential  pulleyw,  /  and  g.     The  object  of  this  is, 

b&t  at  any  time  required  the  loose  rings  can  be  taken  ofT,  cleaned 

nd  oiled,  or  anything  done  to  the  rope  without  interfering  in  the 

fightest  degree  with  any  portion  of  the  engines.     To  take  the 

~'    id  tfaruBt,  an  adjustable  stmt,  A,  connects  tbe  two  third- 

n  shafts;  this  is  made  in  halres,  connected  by  right- and  left- 

d  threaded  screws.     Such  arrangement  tiikeH  oft'  a  great  deal 

■of  the  strain,  which  would  otherwise  come  on  to  the  right  hand 

Piteftrings. 

Arrangement  for  taking  up  Slack  Bope.— Succe,*sful  work- 
iDgis  influenced,  to  a  great  extent,  by  the  arrangement  for  taking 
''p  "slack,"  and  at  the  same  time  putting  enough  tension  on  the 
"^pe  to  prevent  any  slip  on  the  driving  pulley.  Ropes  lengthen 
"'th  use,  and,  in  addition,  the  varying  inclination  of  the  plane 


Fig.  148. 


Fio.  149- 


''ifluBnces  thmr  tightness,  or  otherwise.  Tension  carriages  should 
jWays  be  placed  at  the  lowest  end  of  the  road  ;  tbe  full  rope  is 
W  on  to  the  driving  pulley,  then  to  the  tension  pulley,  and  passes 
Siviiy  as  the  empty  rope.  Naturally,  the  pulling,  or  full  rope,  ia 
■'livnya  tight. 

Sometimes  this  tightening  pulley  is  firmly  connected  to  a  screw 
-it,  may  just  as  well  not  be  applied  at  all.  What  ia  wonted  is 
wme  arrangement  that  gives  and  takes,  and  automatica.lly  accom- 
modates itself  to  the  varying  load.  This  may  be  done  in  many 
Ways.  One  form  is  shown  in  Fig.  248,  which,  however,  is  not 
recommended.  Long  oxperieuce  has  proved  that  the  life  of  ropes 
is  considerably  decreased  when  the  wires  are  alternately  bent  in 
opposite  dii-ections.  The  better  plan  is  to  caiTy  them  h.alf  round 
ft  pulley  on  a  carriage,  which  can  be  either  weighted  and  travel  on 
an  incline,  or  it  may  be  on^he  fiat,  with  a  weight  attached  behind 
by  a  length  of  chain,  this  weight  exercising  a  direct  pull  on  the 
WHggon  (  Fig.  249). 

The  heavier  the  load  on  the  rope,  the  heavier  should  be  the 
ight  on  the  tension  waggon,  and  viae  vtrid.     The  weight  giving 
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the  best  results  U  easily  determined  by  esperiment,  and  ulen 
onoe  found,  need  not  be  varied  unless  the  load  ou  the  lo^ 
increases.  The  pulleys  on  the  t«nBiDti  waggons  are  often  midi 
smaller  in  diameter  than  the  driving  wheel,  but  the  far  better  piu 
is  to  make  them  the  same  eize.  lodeed,  every  main  puUey  arouuil 
which  the  rope  coils  should  be  of  eqiud  size  throughout — oae 
pulley  should  be  a  duplicate  of  another. 

Clutches  for  Working  Branches. — It  has  been  oft«n  »tat«d 
that  branches  cannot  be  worked  with  sueh  ease  in  the  endltsi 
rope  system  as  with  some  othen<.  but  it  is  difficult  to  see  wbf 
such  an  opinion  should  be  held.  Indeed,  the  number  of  bratidis 
may  be  unlimited,  if  each  pulley  is  able  to  be  thrown  in  and  out 
of  gear  by  a  clutch  arrangement.  In  some  coses,  the  rope  almg 
all  the  branches  and  main  roads  is  made  in  one  continuous  leIlgtl^ 
and  a  stoppage  anJ^vhere  stops  the  pit. 

Numerous  clutches  are  in  use.  In  the  ordinary  Forme  thm 
may  be  a  cone  shding  into  a  conical  box,  or  a  series  of  lugs  na 
the  pulley  fitting  into  a  sliding  coupling  box.  The  efficiency  and 
hfe  of  the  ixipes  (which  m^nly  affect  the  cost)  depends  on  the 
speed  at  which  they  are  run,  and  the  freedom,  or  otherwise,  from 
jei'ks  or  strains,  ajid  neither  the  cone  nor  claw  clutct  should  be 
used,  if  the  duration  of  the  ropes  is  to  be  secured.  Suppoeiiig  the 
main  rope  to  be  travelling  at  its  normal  speed,  and  a  bnncli 
thi-own  into  gear;  with  tbe  ordinary  clutches,the  branch  rope  ba* 
to  suddenly  tJike  the  tpawl 


Pigs,  sjo  and  351. 


thnt  the  main  rope  is  travel- 
ling at,  a  very  serious  si 
is  thrown  upon  it,  asd  ofus 
something  breaks.  On  Uw 
other  hand,  if  it  be  deaml 
to  throw  a  branch  oat  of 
gear,  it  can  seldom  be  done 
without  stopping  the  nuin 
rope.  Cone  clutches  often 
"jam,"  and  cannot  be  got 
out  anyhow. 

Fieha-'g  Clvteh.—1o  ove^ 
come  these  disadvanta^'es 
friction  clutches  hare  bees 
designed,  a  very  successful 
one  being  that  invented  by 
Mr.  Henry  Fisher.  It  con- 
sists of  a  driving  drum,  fint- 
ly  keyed  on  to  the  sh^tk 
Around  the  periphery  of  this 
drum  is  arranged  a  seriercf 
segments  (a  a,  I^gs.  150  and 
851),  connected  by  right-  and  left-hand  screws,  J.    An  amuge- 
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ent  of  leren  u  pmnded,  hf  means  of  w^hid  tbeae  screws  na 
b  turned.  If  the7  ftre  tamed  ooe  wnf,  the  eegtnenU  cloee 
knd  grip  tiie  drain;  if  the  oUwr  wkj,  th^  open  uhI 
e  the  drum.  The  number  ot  aegiaents  is  geneimllj  three, 
i  four,  and  in  the  centra  eS  emA  ia  u  otAcmg  hate,  io 
s  inserted  a  square  pin,  e ;  the  otlncr  cods  at  tiveeB  pine 
ss  into  the  arms  of  the  driTing  piallej.  Hie  dram,  being  k^ed 
the  shaft,  is  alwsjs  revotviog ;  the  dming  pollcif  is  loose,  bat 
ju'hed  to  the  friction  segioeiLtH  throng  the  pins,  c  If  these 
I  togments  Are  tightened  on  tb»  dnun,  pncticilly  tb^  became 
tnrt  of  it,  and  revoire,  aurying  with  tLom  the  driving  poUe;. 
-The  aDtouut  of  friction,  or  grip,  is  determined  by  the  amount  of 
nitation  given  to  the  eorews,  and  tan  be  so  regulated  that  euffident 
|Jr«»nre  is  only  exerted  to  drive  the  pulley  under  its  normal  load. 
^'loiild  a  tub  cxime  off  the  rails,  or  any  excessive  load  be  thrown 
'"•  the  rope,  the  clutt^  gear  sfaoold  slip.  Stmn  is  ihei-cfore 
(ut*Uy  avcnded. 

The  EMDe  thing  takes  pUc«  when  a  branch  is  thrown  into  gear, 
nlten  the  segments  are  first  tightened,  conidilerable  slip  takes 
PWs,  the  branch  mo\'e«  off  at  lir&t  very  slowly  and  gradually 
iD^^aseB  in  speed  as  the  inertia  of  its  load  is  overcome,  until  it 
''^Tels  at  the  same  rate  as  the  main  rope.  As  soon  as  it  does  this, 
^  ^'erj  good  plan  is  to  slock  the  segments  on  the  driving  drum 
"ntil  only  just  enough  grip  is  given  to  drive  the  branch  rope. 

The  only  drawback  is  ita  cost.  It  is  ver>'  eirefully  made,  the 
'>'ictloD  pai'ts  are  bushed  with  oopper  to  get  more  adhes^ion,  and 
tlK-i'e  is  a  lot  of  fitting  work.  Its  economy  and  advantages  are 
'''Oi^utable,  but  it  is  po&sible  to  purcha.'^  economy  too  dearly. 
Many  other  friction  clutches  exist  which  do  not,  perhaps,  give 
^ch  satisfactory  results,  but  their  cost  is  so  much  smaller  that, 
Qxcept  in  the  more  important  situations,  their  use  is  recommended. 
Sever  and  Dorling'ii  Clutch. — In  this  form,  what  might  be  called 
^  brake  flange  is  attached  to  the  driving  wheel.  In^de  this  flange 
it  an  inner  split  ring.  The  bearing  sui-fuco  of  the  ring  and  the 
bmke  flange  are  e:tch  carefully  turned.  On  the  driving  shaft  is 
a  collar,  which  can  be  slid  up  and  down,  but  is  forced  to  revolve 
nth  the  shaft  as  it  travels  over  a  long  k«y.  To  this  collar  is 
attached  an  arm,  and  to  one  end  of  the  ai'm  a  wedge,  which,  when 
the  clutch  is  out  of  gear,  only  just  ent«rs  the  slit  in  the  split  ring. 
To  throw  the  clutch  into  gear,  this  collar  is  moved  towards  the 
driving  pulley,  and  in  doing  so  the  wedge  is  dri^'un  into  the  split 
ring  and  expands  it,  causing  it  to  grip  the  brake  flange  aud  so 
turn  the  pulley.  The  principle  is  exactly  the  same  as  the  Fisher 
ind  Walker  clutch,  but  as  the  pressure  is  only  exerted  at  one 
int  its  action  cannot  be  so  perfect. 

Sdmeebm't  Clutch. — This  is  the  same  as  Bever  and  Dorling'e, 
^i  that  the  split  ring  is  expanded  or  closed  by  the  aid  of  one 
>bt-  and  left-hand  screw  instead  of  a  wedge. 
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Brakes  for  Branch  es.— When  a  brttnch  ro.id  b  thrown      «U 

of  gear,  if  its  gradient  is  a  steep  one,  the  tubs  may  conti.J'Os 
moviug,  even  after  connection  with  the  main  haulage  has  \LXen 
broken ;  this  only  takes  plB43e  when  the  inclination  ie  such  thu 
the  road  ie  nearly  self-acting. 

Even  when  such  motion  is  in  the  same  direction  as  in  geneni 
(that  is,  totBordi  the  shaft)  such  continuation  is  objectionable,  itHt 
unless  the  rope  were  required  to  stop,  it  would  not  he  thrown  oat 
of  gear.  Where  the  gi-adient  is  in  favour  of  the  load,  an  ordinarj 
band  brake  is  usually  arranged,  so  connected  that  it  is  put  <mas 
the  clutch  is  thrown  out  of  gear. 

Where  the  gradient  is  agiiiust  the  load,  and  the  tubs  hare  a 
teiid<;iicy  to  run  back,  a  most  ingenious  brake  is  applied  by 
Walker  Bros.,  and  has  been  working  with  great  succe^  at  Lya 


Gross  Fit.     Four  brake  blocks    (a,  Fig.  252)    are   an-anged    at 

intervals  around  the  pulley,  and  are  pivoted  about  the  points  b. 
Each  is  provided  with  a  right-  and  left-hand  ticrew  to  allow-  for 
adjustment,  and  to  take  up  wear.  Tliesi^  biuke  blocks  ore  not  at 
right  angles  to  the  brake  rim,  but  slightly  inclined  to  it,  and  are 
pushed  away  from  the  wheel  so  long  as  it  turns  in  its  normal 
direction,  indicated  by  the  arrow,  but  are  kept  up  to  their  work 
by  the  pul!  of  a  smalt  weight.  When  the  branch  is  thrown  out 
of  gear,  the  moment  the  wlieel  starts  to  run  back,  the  arms  carry- 
ing the  brake  blocks  try  to  take  a  position  at  right  angles  to  the 
brake  rim  ;  but  as  thb  is  shorter  than  the  inclined  distance,  the 
blocks  are  wedged  against  the  brake  rim  and  prevent  the  pulley 
froqi  running  back.  In  the  illusti-ation,  aa  long  as  the  pulley 
turns  in  the  direction  indicated  by  the  arrow,  the  brake  keeps  oS*, 
but  immediately  it  attempts  to  go  the  other  way  the  four  arma 
endeavour  to  take  a  position  at  right  angles  to  the  cirtle  a  n. 

Ropes  Under  and  Over  Tube.— Two  systems  of  endless  rope 
haulage  ai-e  in  use.     In  one  the  rope  travels  over  the  tubs,  in  the 
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*^th6r  nniHer  them.  Tlie  advontftges  of  the  former  are,  the  rope  is 
^dways  carried  above  the  ground,  and  is  not  dragged  on  it,  cnusing 
friction,  wear  and  tear,  and  less  life  to  the  ropex,  and  all  the 
Tnachinery  is  overhead  and  can  be  easily  inspected.  The  dis- 
Bdvantages  are,  that  the  tubs  cannot  be  loaded  high,  as  is  the 
practice  in  some  districts,  without  attaching  to  the  tub  means  for 
carrying  the  rope,  which  not  only  leads  to  complication,  but  in- 
troduces another  possible  cause  of  failure.  This  disadvantage  may 
be,  and  is,  avoided  by  attaching  the  rope  to  the  sides  of  the  tubs  ; 
but,  inasmuch  as  the  pull  is  not  in  the  centre  of  the  load  being 
moved,  frequent  derailments  result.  With  the  rope  over  the  tub, 
curves  are  not  easily  worked.  If  any  exist,  they  should  be  made 
as  sharp  as  possible,  and  a  good  lar^'e  guide  pulley  placed  at  tho 
bend-  Practically,  every  curve  with  the  rope  over  the  tuba 
requires  an  additional  man,  as  it  is  not  safe  to  allow  the  tubs  to 
work  round  without  supervision.  For  a  day,  perhaps,  evorj'thing 
may  go  right ;  but  one  accident  costs  moro  than  a  man's  wages  for 
a  week.  If  the  rope  is  under  the  tubs,  any  amount  of  curves  may 
be  worked  easily;  but  here  they  should  be  made  as  large  and  of 
as  wide  a  sweep  as  patsible.  Kollers  are  placed  nil  round  the  cun'e, 
and  the  clips  easily  pass  round  these,  if  the  rollers  are  large  in 
diaineUr,  and  placed  near  together.  For  good  working  thev  must 
be  the  largest  size  allowable.  Automatic  detachment  of  the  tubs 
18  a  very  simple  matter  when  the  rope  travels  undei'neath,  but 
over  the  tubs  it  is  only  possible  with  one  form  of  clip. 

Arrangement  of  Tubs. — Tho  tubs  may  be  connected  to  the 
rope  either  in  sets  or  singly.  On  the  branches,  one  tub  at  a  time 
is  attached,  but  on  the  main  line,  from  two  to  four  tubs  have  to 
be  massed  together.  Where  the  tubs  are  run  in  sets,  from  ten  to 
twenty  are  attached  to  each  other,  and  only  one  of  them  connected  to 
the  rope.  Such  a  train  I'etiuires  an  attendant,  and  the  chief 
advantage  of  this  system  of  haulage  is  lost — viz.,  regularity  of 
delivery.  Where  only  one  or  two  tubs  are  attached  at  a  time,  the 
deiiveiy  to  the  shaft  hottom  is  a  laodel  of  regularity ;  the  tuba 
come  and  go  with  scarcely  any  attention. 

One  or  Two  Boad  Systems. — The  endless  rope  system  proper 
re'|i)ires  two  lines  of  rails  and  a  wide  road.  Where  the  roof  is  a 
good  one  this  ia  not  a  disadvantage,  except,  perhaps,  in  the  closing 
years  of  the  colliery's  life.  The  nature  of  the  roof  in  some  mines 
pi-eventd  the  double  line  system  being  applied.  The  difficulty  ia 
overcome  by  running  the  tubs  in  sets,  and  arranging  pass-byes  at 
intervals.  An  attendant  travels  with  each  set,  and  waits  at  the 
siding  Tintil  the  train  travelling  in  the  opposite  direction  arrives 
there  ;  they  pass  each  other,  one  proceeds  towards  the  shaft,  and 

^Hbo  other  in-bye.     Connection  between  the  set  and  rope  is  usually 

^^^bde  by  a  screw-chp  attached  to  a  bogie  carriage  (Fig,  353)  on 

^^Htich  the  train-man  rides. 

^^■Another  plan,  which  avoids  the  inconvenience  and  expense  of 
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running  sets,  is  to  provide  two  roads  each  laid  with  a  single  line 
of  rails.  In  one,  the  full  tubs  travel  out-bye,  while  in  the  other, 
the  empty  ones  pass  into  the  workings. 

For  steep  gradients,  where  the  load  would  be  too  great  for  a 
single  rope,  two  may  be  employed.  At  Newbattle  OolUeiy,  Edin- 
burghshire,* such  system  is  adopted,  each  tub  being  connected 
to  two  ropes.     Although  an  elaborate  arrangement  of  friction 


Fig.  253. 


Fig.  254. 


chitches  were  applied  to  allow  the  ropes  to  automatically  adjust 
themselves,  and  each  take  their  share  of  the  load,  yet  such 
were  found  unnecessary. 

Bails  at  Junctions. — At  main  stations,  where  branches  are 
worked,  the  usual  arrangement  of  switches  and  crossings  is 
employed,  and  as  the  ropes  are  either  above  or  beneath  the  road, 
no  provision  has  to  bo  made  to  prevent  their  being  injured. 

For  junctions,  with 
Figs.  255  and  256.  under-rope   haulage, 

/un  uuM several  methods  are 

used;    two    of    the 
enti»ties  ^      more    general    ones 

'- 1— I     being  shown  in  Kgs. 

254  and  255. 

In  Fig.  254  the 
empty  tubs  are  taken 
off  the  rope  as  soon 
as  they  have  passed 
the  switch  at  A  and 
are  then  run  back 
into  the  junction  road,  as  indicated  by  the  arrow.  The  full  tubs 
from  the  workings  pass  at  once  on  to  their  proper  road,  as  shown 
by  the  illustration. 

*  Min.  Inst.  Scot.  ix.  211. 
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The  better  plan  ie  that  of  Fig.  355.     It  is  more  compact  and 

B«Bsily  worked.     The  iUustratioD  expUius  itself.     la  both  these 

■  figures  it  will  bo  noticed  that  small  breaks  or  spnces  are  left  in 

rttie  crosfiiug  raila,  and  in  the>;e  the  rope  generally  works.     Uolees 

kBomesuch  provision  were  made,  the  rope  would  receive  serious 

Vinjury  from  the  fiange  of  the  tub's  wheels  as  they  passed  from 

"  e  junction  to  the  m^n  line,  as  each  wheel  would  have  to  roll 

he  rope  as  it  lay  on  the  top  of  the  rails.     To  pi'eveot  any 

e  of  this  happening,  not  only  ai'e  i-ecesses  provided,  but  the 

B  at  the  junction  ai-e  raised  some  3  in,  above  the  general  lenol, 

ihowB  by  Fi^'.  256.     Just  before  reacliing  the  junction,  a  short 

ffigth  of  inclined  rail  is  fixed,  followed  by  level  roils  at  tho 

tnction,   and  then   another  short  inclined   piece    is    inserted, 

wing  down  the  rails  to  their  original  level.     At  the  junction, 

e  h&ulnge  rope  is,  therefore,  below  the  lower  flange  of  the  cross 

Ills,  and  tubs  joining  the  njain  engine-plane  can  do  no  injury. 

When  a  tub  on  the  engine-plane  reaches  the  junction,  the  clip, 

Srhich  carries  the  rope  a  uniform  distance  above  the  floor,  lifts 

B  rope  out  of  the  groove  and  lets  the  tub  pass  without  olHitrnC' 

ro{}e  falling  back  into  the  recess  immediately  the  tram 

<  by.     Check  and  guard  rails  are  used  at  all  junctions,  as 

town  by  the  tigures. 

[  For  over-rope  haidoge,  no  better  plan  can  be  adopted  than  that 

tising  up  the  empty  road  fur  some  distance  liefore  the  junction, 

I  on  amving  there,  sufficient  height  is  gained  to  allow  of  the 

aatruction  of  a  bridge,  over 

ieh  the  empty  tubs  pass  Fig.  257, 

■straight  on  or  into  the  . 
iQch  (Fig.   257),   and    1 
h  which   the  full    tubu    . 
I  the  branch  are  taken. 
)  illustration  explains  the  ajTangement,  which  b  preferable  to 


;  the  c 


ssing  i 


level ;  there  is  no  chance  of 
ig  to  the  height  to  which  the 
freely  round  the  curves,  and 


r  derailment,  and, ' 
'  tubs  are  raised,  they 
e  scni-cely  any  attention. 

—Tubs  are  attached  to  the  rope  in  many  dill'erent  ways, 
i  dip  should  be  capable  of  easy  and  i-eady  attachment  and 
:hment,  should  not  iujui-e  the  rope,  have  few  wearing  parts, 
t  equally  well  on  a  downhill  or  npliill  gradient. 
jw  for  "  Under  "  Haulage :     .Screw  Clip. — The  common 
a  of  clip  consistH  of  two  plates  connected  together  by  a  screw, 
]  atuichcd  to  a  hook,  through  which  they  can  be  joined  to  the 
r.     This  certainly  holds  the  rope,  but  is  neither  easy  to 
■  Kttacb  or  detach. 

Stiuditnttita  Clip. — The  principle  of  this  is  the  same  as  that  of 
the  st!rew  clip,  but  the  gripping  action  is  obtained  in  a  much 
easivr  and  readier  manner.    It  consists  of  two  plates  (o  a.  Figs.  358 
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Rnd  259),  connected  together  by  a  bolt,  h,  m  the  centre ;  «Ie™t.(, 
turning  about  a  pnint,  d,  is  provided,  its  shorter  arm  being  enlai^i, 
as  Ehonn  at  e  (Fig.  259).  This  slides  along  weJ^e-.shaped  mxma 
ia  the  aide  plate,  and,  aa  a  re^^till,  the  lower  pare  of  the  plaia 
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can  either  gi'ip  or  release  the  rope.     Adjustment  for  wear  an 

«i.«ily  be  made  by  tightening  the  holt,  b.     A  very  powerful  grip  it 

obtained,  the  rope  is  not  damnged,  as  it  is  gripped  for  uvtn] 

inches,  attachment   ia   easy,  and    the   clip  p«s» 

Fig.  160.       freely  round  curves.    It  is,  however,  rather  cumla- 

A  some,  and  cannot  be  automatically  detached. 

r  Fitlicr's  Clip  consists  of  a  hook  having  a  hinjri 

piece,  a  (Fig.  260),  at  the  far  end,  which  can  b» 

1^  doubled  back  and  locked  by  a  eliding  collar,  &;* 

B  recess  is  provided  to  receive  the  ropo.     The  tai 

,,  ia  placed  in  the  drawbar,  and  the  clip  grips  tb* 

rope  by  deflecting  a   small   portion    of   it.    It  i> 

essential  that  the  hole  through   the    clip  shftuW 

be  the  same  size  as  the  rope  and  of  softer  materi*!, 

so  that  it  wears  itself  instead  of   the   rope.    To 

allow  this,  the  recess  is  provided  with  baebn,  f, 

of  soft  iron,  which  are  kept  in  position  by  Hveta, 

and  are  easily  replaced  when  worn. 

With  Fishei-'a  or  any  similar  clip,  it  ia  abeolntal.T 
essential  that  the  rope  should  have  a  wire  core,  d 
not,  it  stretches  too  much,  and  the  clip  will  dM 
hold.  The  hook  part  is  made  of  a  very  good  qiMliif 
of  iron,  and  is  the  weakest  part,  so  that  in  ibi 
event  of  the  tub  being  derailed,  the  hook  straighleDS 
out  and  the  rope  is  not  damaged.  This  clip  tOt 
equally  well  uphill  or  downhill  and  round  enrtw. 
and  can  be  easily  and  automatically  deta«hod  in  tbt 
same  way  as  any  other  clip  which  ia  locked  by  a  sliding  oollor. 

Clips  for  Over  Haulage. — The  common  method  of  atUidtaat 
tubs  to  the  rope  is  by  means  of  a  chain,  one  end  of  which  i* 
hooked  on  to  tiie  draw  bar  of  the  tub,  the  other  end  passed  twiot 
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"^^^^vuid  the  haulage  rope,  and  then  hooked  back  oa  to  the  chain 

I*s*ssiiig  from  the  tub;  as  soon  as  the  full  weight  cornea  on  to  this 

*il"iam,  the  coils   get    quite   close  together  and  fonn  a  compact 

'retelling.     This  attachment  is  not  byanjmeann  perfect,  although 

*L  -very  convenient  one.     On  undulating  gradients,  two  chains  are 

X'^quired — one  before  and  one  behind  each  tub,  but  both  must  not 

V»e  tight  at  the  same  time,  as  in  such  a  ease,  if  the  rope  was  siid- 

<3enlj  stretched,  the  tub  would  inevitably  bo  lifted  off  the  roils. 

AA'ire  ropes  are  in  the  habit  of  twisting,  and  when  they  do,  if  the 

&bove  attachment  is  used,  the  chain  twists  with  them,  winding  up 

^■hatever  slack  portion  there  may  he ;  consequently,  on  reaching 

turn  pulleys,  or  any  bend,  where  the  rope  is  raised  higher  than 

its  normal  position,  the  tub  is  overturned,  and  all  succeeding  tubs 

are  overthrown  until  the  rope  is  stojiped. 

Ward  and  Uoyd'a  Clip.—'M.HDy  of  the  above  disadvantages  ara 
overcome  by  the  clip  enqiloyed  at  SandwoU  Park  Colliery.     It  is 
exceedingly  simple,   consist- 
ing  only  of  a.  hinged  levpr,  Fif;p.  261  and  262, 
to  the  bottom  end  of  which             |        if/ 
is  attached  the  chain  fastened 
to  the  tub.     (Figs.  361  and 
26a).    The  lever  works  about 
a   pivot,  a,  and  immediately 
the  weight  of  the  tub  cornea 
on  to  tlio  end,  b,  the  lope  is 
gripped  between  the  top  end, 
0,  and  the  curved  plate,  d. 
The  lever  is  hinged,  which 
allows  the  clip  to  fall  into 
the  guide  pulleys  when  pass- 
ing round   curves.     It    has 
now  been  Jn  use  six   yeoi-s, 
and    has  given   every  satis-  11 
faction.    It  is  easily  attached 

and  detached,  hut  this  cannot  be  done  automatically,  and  on  undu- 
lating gradients  two  clips  have  to  be  used  for  each  tub. 

liuthcrford  and  Thompson's  Clip. — The  great  advantage  of  this 
appliance  is  that  it  automatically  attaches  and  detaches,  enabling 
curves  and  junctions  to  be  worked  on  the  gravity  principle,  in  the 
wune  way  as  with  endless  chain  haulage.  It  does  away  n'ith  one 
man  or  boy  at  each  junction,  for  with  an  ordinary  clip  some  one 
has  to  be  employed  to  take  off  empty  tubs  and  put  on  full  ones  ; 
while  with  this  one,  all  that  is  necessaiy  is  that  some  one  should 
be  in  attendance  to  spa^e  the  tubs,  and  to  lift  off  the  clip  from  the 
empties,  and  attach  it  to  the  full  ones. 

Kgs.  363,  264  and  265,  which  are  respectively  front  and  side 
elevations  and  plan,  show  details  of  the  rope  >iripping  ap];>aratus 
^y  employed,  which  is  composed  of  two  Y-forked  jaws,  a  a'. 


mooiiteil  and  geared  together  as  slinwn  by  Fig.  265,  so  that  they 

can  oficillat«  about  the  two  pins,  b  b',  ns  uentres.     As  soon  as  the 

clip  comes  into  the  same  liue  as  the  hauliug  rope,  the  motioa  o{ 

the  latter  tnrnb  the   forks 
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slightly  about  the  centres, 
h  b\  and  causes  them  to  close 
on  the  rope  aod  grip  it 
firmly.  The  strouger  the 
pull,  the  tighter  the  grip, 
hence  the  clip  is  M'eil  »iiit«il 
for  heavy  gradients  ;  and  as 
it  IS  iittached  to  the  tub 
tlmjugh  a  rigid  rod,  which 
is  hiHikud  over  the  top  while 
the  other  end  pases  into  a 
small  bracket  on  the  front, 
and  as  the  jaws  can  move 
either  backwards  or  forwards 
it  works  well  on  undulating 
gi-adienta. 

The  rope  can  be  lilted  out 

of  this  clip,  or  dropped  into 

it  again,  with  as  much  eaa« 

as  a   chain  is  lifted  out  of 

the  Y  on  an  ordinary  tub, 

but  inasmuch  as  these  clips  are  not  tixed  to  the  tub  but  are 

detachable,  nn  arrangement  is  employed  to  prevent  lliem  b^ng 

accidentally  lifted  ofl'  when  the  rope  is  disconnected. 

Automatic  Detachers.  ^Little  diSicultyia  found  in  automatic 
cally  detaching  auy  clips  of  such  a  type  as  Fisher's,  where  the 
grip  on  the  rope  is  determined  by  the  position  of  a  sliding  collar, 
because  if  this  collar  is  lifted  up,  the  clip  is  released.  If  the  rope 
and  cUp  be  conducted  into  a  groove,  having  sides  aiTaused  on  mi 
'  iclined  plane,  and  if  the  rope 
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kept  down  as  the  cfip 
passes  tlu'ough,  the  collar  ia 
lifted  lip. 

\t  Nunnery  Colliery  a  veiy 

fiimpla  appliance  is  used  to 
perform  this  action.  At  the 
detaching  point,    two    strips 

end  by  a  cross  piece,  and 
are  pivut«d  about  pins  neat 
the  centre.  Figs.  366  and  267  show  plan  and  elevation  ot 
the  arrangement.  The  apace  between  these  two  strips  is  wide 
enough  to  allow  the  rope  to  pass  through,  but  not  the  collar  on 
the  clip.     The  end,  c,  of  the  two  strips  of  iron  cannot  be  pressed 
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down  because  tbe  other  end,  a,  is  uoder  the  rope,  consequently  the 
collar  of  the  clip  has  to  eHde  up  the  inclined  plane  and  is  gradually 
lifted,  releasing  the  rope. 

Aa   apparatus    of   more    elaborate,  and    perhaps   more    Bure 
1   oharacter,  has  been  designed  by  Mr,  J.  F.  Lee,  of  Cattle  Eden 


Colliery.  It  cooBists  of  a  groore  having  inclined  sides,  out  of 
-vhich  the  rope  and  the  lower  part  of  the  clip  cannot  be  lifted,  as 
(tub  side  is  formed   of  an  angle-piece   (Fig.   269).      The  con- 


tinuation of  the  jaws  is  made  by  two  leveis  (a,  Fig.  a68)  kept 
up  by  a  weight,  b,  but  when  the  pressure  beoomea  excessive  they 
may  be  puslied  down,  the  object  of  this  being  that  the  levers  can 
accommodate  their  height  to  suit  the  varying  positions  of  collars 
on  dillerent  clips.  The  rope  ami  lower  part  of  tbe  clip  pass 
uuderueatb  the  jaws,  which  taper  towards  tbe  point  of  exit  j  tbs 
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collar  passes  up  the  iacliced  place  and  is  lifted,  thus  detaching 
the  tub.  To  prerent  any  chance  of  f;ului-e,  the  collar  of  the  clip 
is  provided  with  a  6ange. 

At  Skelton  Park  Colliery*  the  ropes  are  attached  to  a  simple 
hook  beneath  the  tubs,  as  the  gradient  is  slight,  and  the  weight  is 
sufficient  to  haul  them  along.  They  are  detached  by  an 
apparatus,  consisting  of  a  lever  (a,  Fig.  870)  working  between 
BpUt  rails,  and  depressed  by  the  passing  tubs,  This  turns  the 
Hhaft,  d,  raises  the  lever,  b,  and  lifts  the  rope  out  of  the  hook,  e. 
At  the  ijame  time,  a  slight  divergence  is  made  in  the  line  of  rails, 
causing  the  hook  to  more  aside  from  the  rope,  which  then  drops 
when  released  by  the  lever,  b. 

With  Kutberford  and  Thompson's  clip,  detachment  is  obtained 
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by  an  appliance  which  consists  of  a  bolding-down  pulley  (a,  Hgs. 
271  and  372),  and  of  two  inclined  guide-blocks,  b,  one  on  each 
side  of  the  rope,  the  spaces  between  them  being  such  that  the 
rope  can  rise  up,  but  that  the  forks  of  the  clip  catch  the  under  side. 
As  a  tub  and  its  clip  come  to  the  detacher  the  rope  gradually 
gets  higher  and  higher,  tending  to  lift  the  clip  out  of  its  socket, 
but  is  prevented  from  doing  so  by  the  two  guide  blocks,  i  6,  which 
catch  the  top  of  the  forks.  TJltimately  the  rope  is  lifted  com- 
pletely out,  and  the  tub  runs  away,  "With  a  clip  having  a  very 
tight  grip,  a  jerk  is  thrown  on  the  rope  by  such  action,  and  to 
prevent  this  extending  down  the  road  to  the  tubs  further  in-bye, 
a  movable  holding-down  pulley  is  placed  a  short  distance  away 
which  checks  vibration  in  the  following  mimuer  r — A  shaft  (a.  Fig. 
J73)  is  fixed  across  the  road  above  the  rope  and  on  it  are  keyed 
tliree  arms,  one  carrying  a  holding-down  pulley,  b.  the  second 
having  a  weight,  0,  at  the  end  of  a  lever,  while  the  third,  d, 
hangs  downwards.  The  action  of  e  is  to  keep  th«  pulley  firmly  on 
tile  rope,  and  that  of  d  to  lift  the  pulley  when  the  tubs  are 
passing,  this  being  necessary,  or  the  clips  would  catch  it 
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The  tubs  wliich  are  travelling  in  the  direction  fi'om  a  tab,  push 
aside  the  arm  d  which  hangs  down  before  them,  and  on  doing 
so,  turns  the  shnft,  a,  round,  and  lifts  up  the  pulley  and  weight, 
which  fall  again  immediately  the  tub  has  passed. 

At  curves,  where  the  continuing  road  is  on  n  downhill  gradient, 
the  tube  run  round  and  attach  themselves  to  the  rope  again  imme- 
diately this  comes  low  enough  to  grip  the  clip,  but  where  the 
gradiejit  rises  out-bye  other  means  have  to  be  employed,  as  the 
rope  tends  to  get  further  away  from  the  dip.  It  is  impossible  to 
deflect  the  rope  far  enough  downwards  with  a  fixed  guide  pulley, 
as  these  have  to  be  placed  high  enough  to  clear  the  clip.  The 
movable  one  just  described  is  inadmissible  here,  as  the  tubs  being 
detached  from  the  rope,  are  only  moving  with  the  force  due  t^ 
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_  e  inclination  of  the  road,  and  would  not  have  sufficient  power  to 
lift  the  lever  and  weight.  The  ingenious  appliance  shown  in  Fig. 
174  has  been  designed  to  meet  such  cases.  A  pulley,  a,  is  £ixed 
at  such  a  height  as  will  allow  the  tub  and  clip  to  pass  beneath 
when  it  is  in  its  normal  position.  This  pnlley  is  not  a  fixture, 
but  it  is  suspended  from  a  shaft,  b,  fitted  with  guide  blocks,  and 
connected  by  crank  levers,  e  d  e,  B.nA/g  h,  and  the  links,  b  e,  e/ 
and  h  i,  with  the  rails  forming  the  i-oad  at  this  point.  There  are 
two  sets  of  levers,  one  on  each  side  of  the  rails.  The  roils,  for  a 
distance  of  about  13  ft.,  are  carried  on  a  platform  hinged  at  the 
point,  k,  and  by  meauR  of  a  balance-weight  take  the  indination 
shown  at  i  k.  The  tubs  when  detached  from  the  rope,  run  down 
the  slope,  I  k,  pass  beni^ath  the  pulley,  a,  an/1  continue  by  the 
momentum  they  have  gained  up  the  elope,  t  ( ;  their  weight, 
however,  over-balances  the  counterpoise.  The  platform  desoenda 
about  the  centi'e,  k,  takes  the  position,  t*  k,  pulls  down  the  link, 
h  I,  moves  over  the  two  ci'anks,  and  depi'eeses  the  guide  pulley,  a, 
and  the  ixipe  to  such  a  distance  that  it  is  caught  by  the  chp,  and 
the  tub  consequently  moves  away.  As  soon  as  the  tub  has  gone 
off  the  platform,  the  counterpoise  raises  it  again  and  the  guide 
pulley,  so  that  the  whole  appliance  is  antouatic.  The  points 
d,  g  and  k,  are  fixed,  the  remainder  movable.    At  the  moment  of 
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attachment  of  the  tubs  to  the  rope,  the  different  parts  ot  tbe 
appiuatus  occupy  the  position  fihown  by  the  dotted  lines ;  to 
travel  of  the  pulley,  a,  is  iibout  lo  in. 

Thrsading  ths  Bope. — It  is  rather  a  difficult  matter  to  prt 
on  the  first  rope  of  a  new  application  of  endless  rope  haulage.  As 
supplied  by  the  manufiuiturere,  ropes  are  very  carefully  coiled 
and  should  be  unwrapped  from  the  outside,  care  being  taken  tb&t 
no  "  slock  "  is  payed  out,  or  the  rope  will  at  once  kink  and  spoil 
itself.  If  a  new  rope  is  replacing  an  old  one,  the  threading  is  an 
easy  matter,  but  one  requiring  care.  Rrst  of  all,  the  old  rope  is 
cut  through,  and  one  end  of  the  new  rope  attached  to  the  old  one, 
but  in  between  the  two  ends  ii  swivel  must  be  placed.  The  object 
of  this  is  to  take  out  all  the  twifit  in  the  new  rope ;  unless  th^  is 
done,  difficulty  will  afterwards  be  experienced  in  the  working. 
The  coil  of  rope  is  placed  on  a  tuiTitable  to  which  some  moderately 
strong  brake  power  can  be  applied.  The  engine  is  then  started 
and  the  old  rope  moves  away,  dragging  with  it  the  new  one,  the 
latter  following  the  former,  and  occupying  its  place.  When  the  two 
ends  come  together,  they  should  be  strained  as  tight  as  possible, 
which  is  done  by  attaching  blocks,  and,  at  the  same  time,  the 
tension  pulley  is  braced  up  as  close  as  can  be,  as  the  ropes  invari- 
ably stretch  in  use. 

Unless  an  old  rope  b  available,  horses  have  to  be  employed ; 
their  movements  are  very  irregular,  and  there  is  consideraUy  more 
chance  of  damaging  the  rope. 

Comparison. — If  a  good  representative  of  each  type  of  haulage 
ia  taken,  the  cost  per  ton  per  mile  is  about  the  same  in  all  of 
them.  To  a  great  extent,  the  cost  depends  on  the  number  of 
junctions  and  branches,  because  attendants  have  to  be  provideit 
at  the.se  points  to  attach  the  tubs.  In  comparing  the  cost  of  one 
system  with  another,  it  is  usual  to  reduce  the  coat  to  a  uniform 
distance  hauled  of  one  mile — that  is  to  eay,  if  the  cost  is  twopence 
per  ton  per  half  mile,  a  simple  proportion  gives  fourpence  per  ton 
for  one  mile,  but  although  some  uniform  distance  must  be  intro- 
duced, yet  it  does  not  give  a  fair  comparison  in  every  instance. 
Take,  for  example,  an  endless  rope  or  chain  plane,  exactly  a  mile 
from  the  beginning  to  the  end  with  no  junctions.  One  man 
at  each  end  should  perform  all  the  labour  of  taking  off  and  pat- 
ting on  the  tubs,  and  the  cost  per  mile,  on  the  one  mile  length, 
would  be  very  small ;  but  if,  in  another  case,  there  are  four  junc- 
tions in  a  similar  length  of  plane,  each  of  these  junctions  will 
require  the  services  of  an  attendant,  and  the  labour  cost  will  show 
very  much  higher  than  in  the  former  case,  providing  the  same 
quantity  is  hauled,  and  yet  the  two  planes  may  be  exact  facsimiles 
of  each  other,  and  both  be  laid  out  with  the  same  care  and  lahonr 
saving  appliances. 

Anotiier  point  to  which  attention  should  be  directed  is  that  in 
published  statements  of  costs,  many  estimates  entirely  overlook 
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aorae  part  of  tbe  first  coat  of  the  plant.  Hauling  engines  cannot 
l>e  worked  without  steam,  and  the  extra  amount  for  additional 
puUeya,  fittings,  pipes,  &c.,  caused  by  adding  haulage  machinei-y, 
should  be  charged  against  the  plant.  Then  again,  the  stores' 
charges  for  the  machinery  should  be  noted. 

The  moet  careful  experiments  which  have  over  been  made  to 
determine  the  cost  of  different  ByHt«mB  were  those  canied  out  by 
the  North  of  England  Institute."  This  was,  however,  many  years 
ago.  The  endless  rope  system  was  then  in  its  infancy,  while  little 
improvement  has  since  taken  place  iji  either  the  tail  rope  or  end- 
less chain  syBtems.  This  report  strongly  brought  out  the  merits 
of  endless  chain  haulage,  so  far  ae  regards  its  ease  and  cost  of 
yrorkiiig,  but  friction  clutches,  automatic  detachers,  improved 
driving  pulleys,  and  the  other  similar  labour-saving  appliances  of 
modem  endless  rope  haulage  were  then  unknown.  At  that  time, 
B  life  of  one  or  two  yeare  in  a  haulage  rope  was  considered  a  very 
good  performance  ;  at  the  present  time  seven  to  nine  years  is  by 
no  means  an  unusual  occurrence.  At  many  collieries  the  rop© 
cost  per  ton-mile  does  not  exceed  o.id. 

The  great  advantage  of  the  endle.sy<  rope  system  is  the  perfect 
r^nlarity  of  the  delivery.  The  tubs  come  one  at  a  time  at 
regular  intervals,  and  are  easily  dealt  with  ;  in  addition,  the  full 
tubs  going  down  inclines  assist  in  pulling  the  empty  tubs  up, 
Soth  these  advantages  are  common  to  the  endless  chain  system, 
but  the  disadvantages  of  the  latter  is  the  enormous  weight  of  the 
chain  and  its  liability  to  break,  especially  on  long  plaJies.  For 
surface  work,  the  endless  chain  possesses  one  advanta^,  inasmuch 
as  it  ia  httle  affected  by  the  action  of  the  weather,  but  under- 
groond  this  advantage  disappears. 

With  the  tail  rope  system  the  tubs  work  in  sets,  and,  tliPie- 
fore,  travel  at  a  high  velocity,  fifteen  to  twenty  miles  an  hour 
being  often  reached.  The  delivery  is  intermittent;  »  timn  of 
from  fifty  to  sixty  tubs  is  brought  into  the  pit  bottom  at  a  time. 
and  men  have  to  be  there  to  deal  with  the  set ;  on  its  arrival,  all 
is  hurry  and  confuaon  for  a  few  minutes  until  the  empty  set  has 
been  despatched  to  the  workings,  and  then  the  men  have  little  to 
do-  Should  a  tub  become  derailed  when  travelling  at  this  speed 
the  damage  done  is  considerable.  With  an  endless  rope,  travel - 
liD|;  at  only  two  or  three  miles  an  hour,  there  is  little  possibility 
of  derailment,  and  even  if  this  does  occur,  the  damage  done  is 
slight.  With  the  tail  rope  system,  less  length  of  rail  is  required, 
hat  a  larger  pair  of  engines  are  necessary  than  for  endless  mpe, 
because  in  the  former  case  they  have  to  be  powerful  enough,  to 
deal  with  the  heavieat  load  up  the  heavieat  gradient,  have  to  travel 
*b  a  very  high  speed,  and  derive  no  benefit  from  the  counter- 
ing efiTcct  of  gravity  on  undulating  gradients.     Their  action 
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is  intermittent  and  they  require  an  engineman  always  in  attecd- 
ance.  It  has  been  pointed  out  that  main  and  tail  rope  hanli^ 
possesses  an  advantage  over  the  other  types,  inasmuch  as  the  ma 
may  ride  in-bye,  nith  the  result  that  their  time  at  the  face  is 
inci'eased.  The  advantage  ie,  however,  DOt  a  large  one,  as  odIj  t 
small  proportion  of  the  total  men  employed  can  be  transportnl  in 
the  first  set  tnivelUiig  in-bye.  This  is  practically  the  only  one 
avitilable,  as  before  the  second  set  is  ready,  the  remaining  nieii 
could  walk  to  their  work. 

With  the  endless  rope  system,  the  constant  attendance  o*  »n 
enginemaa  can  be  diapeused  with  by  arraDging  a  clutch  g«ar  >t 
the  bottom  of  the  pit,  where  the  main  strap  rope  terminates 
This  point  is  the  principal  junction  of  the  pit,  and  men  have  to  be 
there  to  attach  and  detach  the  tubs.  If  a  signal  comes  from  the 
workings  to  stop  the  main  rope,  one  of  these  men  can  easily  turn 
the  wheel  which  disconnects  the  clutch  gear,  and  the  engine  od 
hank  may  continue  running.  The  author  is  not  aware  where  the 
services  of  an  engineman  have  been  disper^sed  with  at  a  hauting 
engine,  except  in  the  instances  of  two  of  the  coUieiies  nnder  hit 
chai'ge.  By  spending  £ioo  on  a  good  efficient  clutch  gear  out 
engineman  looks  after  three  continuously  running  engines — i.t.. 
hauling,  fan,  and  shop  machinery,  and  not  the  slightest  hitch  has 
ever  occurred.  The  only  objection  to  this  system  is  the  possibility 
of  Rome  accident  happening  to  the  stiaft  rope,  but  an  ejqieiieiioa 
of  eight  years  does  not  support  such  contention. 

The  author  hus  at  work  every  system  of  haulage ;  btit  the  one 
that  stands  pre-eminent  is,  undouhtedly,  the  slow  moving  entOea 
rope,  with  the  tubs  attached  at  regular  intervals.  This  appeari 
to  be  the  common  experience,  as  nine  out  of  every  ten  system; 
which  have  been  put  to  work  during  the  last  ten  years  are  endle» 
rope,  with  the  probable  exception  of  the  North  of  En^flaod,  Bad 
even  there  this  system  is  rapidly  gaining  ground. 

An  endless  rope  can  be  employed  anywhere,  although  to  obtun 
the  best  results  the  roads  should  be  laid  out  to  suit  it.  The  onlf 
objection  against  it  is  that  a  double  road  is  necessary  to  obtain  i^ 
advantages  to  perfection,  and  that  double  roads  are  expensive  to 
maintain  where  the  roof  is  bad.  As  previously  pointed  out, 
even  this  disadvantage  may  be,  and  is,  removed  by  employing  tm) 
roods,  each  laid  with  a  single  line  of  rails,  one  for  the  full  tute 
and  one  for  the  empties. 

Loeomotivea. — At  best,  haulage  by  locomotives  is  not  to  be 
recommended,  as  neglecting  the  dangera  of  and  the  difficulties  of 
dealing  with  the  smoke,  steam,  itc,  the  system  has  the  disadvan- 
tage of  being  intermittent  in  the  matter  of  supply.  The  engines 
have  to  be  Braall  ones,  and  are  not  only  very  expensive  in  op-keep, 
but  are  very  liable  to  derailment.  Locomotives  worked  by  steam 
have  been  applied  in  English  oollieriea  and  in  the  American 
anthracite  minea.     Locomotives  worked  by  compressed  air  ' 
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™eT»  tried  on  several  occnsiona,  but  have  never  given  entisfao- 

mectric  LocomotiTes. — TLe  first  locomotive  worked  by 
eiet-tricity  *yaa  applied  in  1882  at  Zauckerode  Colliery  in  Baxony. 
Tbo  current  is  conveyeo  *Iong  the  roof  of  tbe  rondways  by  a 
i  iron  conductor,  ajid  is  ti'ansmitted  to  the  motor  by  a  conducting 
P'etoe  which  slides  along  the  X  0*°-  "^^^  locomotive  has  worked 
Mcjs  t  satisfactorily  ever  since  its  application,  and  perfoims  the  work 
*"  O're  cheaply  than  horses  which  it  replaced,  altogetliei',  there 
if^t  four  electrical  locomotives  in  Germoji  mines,  and  Mr,  K. 
^'•l^re*  states  that  the  cost  of  tramming  with  electricity  is  at 
^t-«fc«sEart  and  Zauckerode,  75  pM-  cent.,  and  at  HoheniiolJem 
•■"^Ihery,  67  per  cent,  of  what  it  originally  was  when  horses  were 

*CQ  ploy&d. 

-At  the  present  time  {1893)  the  only  electrical  locoinotife  em- 
P*«->yed  in  English  mines  is  that  intioduced  by  Mr.  G.  B.  Walker 
?*•  Wliamcliffe  Silk8ton6,t  where  tbe  engiue  does  not  depend  for 
^  ^  grip  on  the  friction  between  tbe  wheels  and  the  raila,  but  gets 
j^  ^ii'ect  pull  on  a  fixed  rope.  The  latter  is  fixed  at  either  end  and 
!*^s  parallel  to  the  road,  and  is  passed  over  a  sprocket  wheel  or 
•"iclion  clutch  geared  in  a  suitable  manner  to  an  eleLtiic  motor  on 
^_^t.roUey.  The  road  ifl  500  yds.  long,  the  inclination  averages  4  in. 
^^  the  yard,  and  the  rolling  load  is  approximately  4  tons. 
.^  Several  installations  have  been  made  in  Amoricnn  mines,  und 
■*Xr.  H.  0.  Spauldingt  states  that  the  Thomson -lloua ton  Uo.  have 
5''^cently  constructed  the  largest  in  that  coimtry.  The  locomotive 
*^  60  II. P.,  weighs  ai,6oo  lbs.,  b  3  ft.  gauge,  and  has  a  maximum 
^^eeJof  lomilesanhour.  The  armature  speed  is  loiorevolutiona 
l>^r  minute,  and  the  locomotive  is  3  ft.  jjin.  high,  3  ft,  6^  in.  wide, 
^-*id  1 2  ft.  6|  in.  long. 
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ASK.  DE9  MIKEB :  Note  lur  quelijuee  detail*  de  plane  incUnii  aulomotetm, 
U.  ViUot  (S«  Serie),  xri.  409. 

FBD.  isST. !  A  thort  deicriplion  of  llie  Underground  Sgttem  of  Haulage  at 
MitcheU  Jfain  Colliery,  T.  W.  H.  MitcheU.  iii.  147  ;  EUetrie  Haulage 
at  Ae  Cannock  and  Sugiley  VoUieriei,  R.  S.  WilUanmon,  Hi.  483  : 
UteetHe  Emdatie  at  Wett  Cannock  CoiUery,  W.  Wardle,  iiL  4S6; 
rr    I ._.?  n_..i I..  E'...ii.-_  T> •   A—-t TT^ii  n^n:^^-  •"  ** 
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CHAPTER   IX. 

WINDING. 

TiiE  material  having  been  brought  to  the  pit  bottom,  the  next  thing 
ia  to  convey  it  t^i  the  surface.  This  is  done  by  pLusiiig  the  tubs  in 
a  suitable  apparatus  called  the  cage,  to  which  oue  end  of  a  rope 
18  ixiniiected,  while  the  other  is  attached  to,  and  wound  i-oimd,  the 
drum  of  an  engine  at  the  surface.  On  reaching  the  top,  the  full 
tubs  are  taken  off  and  replaced  by  empty  ones,  and  the  cage  then 
descends. 

Fit  Frames. — As  some  support  has  to  be  provided  for  the  rope, 
a  pit  fi'aine  with  pulley  attached  is  used  for  such  purpose.  At 
modern  collieries  with  large  winding  machinery  running  at  qtuck 
speeds,  one  stroke  of  the  engine  meooB  a  considerable  lift  of  the 
«Hge,  and  unless  the  head-gear  pulleys  are  placed  a  good  height 
above  the  surface  level,  and  the  enginemau  ia  very  careful,  the 
«age  may  be  brought  up  against  the  pulley,  and  over-winding 
faike  place.  In  addition,  the  great  majority  of  collieries  are 
pi-ovided  with  screening  appliances,  which  are  inclined  bo  that  the 
vkwlI  may  run  down  them,  and,  as  the  trucks  iuto  which  the  conl  ia 
loaded  stand  at  the  ground  level,  the  landing  place  has  to  be  some 
^distance  higher  up.  A  further  height  is  therefore  given  to  the 
pit  fi'ame,  and  it  is  quite  common  to  find  the  head-gear  pulleys 
60  or  70  ft.  above  the  ground.  These  erections  are  conati'uctud  of 
<lifferent  materials.  On  the  Continent,  towers  of  masonry  itre 
■employed,  but  such  procedure  has  never  received  favour  in  this 
country,  nor,  indeed,  a  very  extended  application  anywhere  else. 
The  material  mostly  in  favour,  until  recently,  was  wood,  wrought- 
jron  was  afterwards  employed,  and,  as  in  every  other  branch  of 
igineering,  the  use  of  steel  is  rapidly  becoming  common. 
Before  describing  the  method  of  construction,  perhaps  it  would 
best  to  refer  to  the  general  method  of  design.  The  structure, 
a  rule,  consists  of  six  main  parts:  (i)  two  vertical  upnght  legs 
(to  carry  the  weight  to  be  lifted) ;  (a)  two  front  vertical  legs  (for 
affording  support  to  the  cross  timbers  carrying  the  guide  ropes) ; 
(3)  two  back  legt  (to  prevent  the  whole  structure  being  dragged 
over  by  the  pull  of  the  winding-rope  going  to  the  engine).  These 
luin  legs  are  braced  and  connected  together  by  various  cross- 
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piecen,  added  to  give  general  stability  to  the  wliole 
There  ia  nothing  particular  in  the  four  legs  of  the  front  frame- 
work, eiccept  that  they  enclose  a  wider  space  at  the  ground  level 
than  at  the  top,  the  object  of  such  being  to  prevent  them  toppling 
over  sideways ;  hut  the  poeition  of  the  back  legs  ia  of  considerable 
importance.  Their  bottom  ends  have  to  be  placed  at  such  &  dis- 
tance from  the  front  legs  as  will  effectually  prevent  any  chance  of 
the  frame  being  pulled  over  towards  the  winding-engine.  The 
proper  position  of  these  back  legs  ia  verj-  easily  determined, 
although  in  many  instances  they  are  placed  anywhere  but  in  the 
right  position.  Uft#n  they  are  carried  so  for  towards  the  winding- 
engine  that  additional  vertical  supports  have  to  be  provid^ 
underneath  them  ;  no  advantage  is  gained  by  this,  indeed  it  only 
introduces  an  element  of  instability,  as  the  legs  may  not  be  strong 
enough  even  to  cajry  their  own  weight.  The  strain  on  the  pit 
frame,  both  as  regards  direction  and  amount,  is  the  resultant  of 
two  forces.  First  of  all  there  is  the  weight^ — viz.,  tlie  weight  of  the 
tubs,  coal,  cage,  and  the  rope  hanging  down  the  shaft,  which  ia  a 
moving,  or  live  load,  and,  therefore,  throws  more  strain  on  the 
structure  than  if  it  were  an  inert  mass.  The  other  strain  is  that 
coming  from  the  winding-rope,  which  has  to  exert  sufficient  power 
to  lift  up  the  weight  banging-  in  the  shaft  at  a  certain  velocity. 
The  direction  of  the  pull  due  to  the  weight  in  the  shaft  is  always 
vertical,  but  the  direction  of  the  one  due  to  the  winding-rope 
may  be  at&nyangle  to  the  vei-tioal,  its  direction  being  determined 
by  the  height  of  the  head-gear,  and  the  height  of  the  dram  above 
ground  level,  and  its  distance  from  the  centre  of  the  shaft. 

The  relative  position  of  the  back  legs  to  the  front  ones  is  deter- 
mined by  the  pi-inciple  of  the  parallelogram  of  forces,  and  may 
either  be  worked  out  by 
calculation  or  graphically. 
Supposing  a  b  (Fig.  275)  is 
the  ground  level,  c  the  pul- 
ley, and  d  the  drum  of  the 
winding- engine ;  c  6  is  the 
direction  of  the  force  acting 

.,? downwards,  and  c  d  that 

due   to    the    winding-rope, 
and  which  tends  to   over- 
_  turn  the  structure.     Under 

ordinary  circumstances  the 
amount  of  force  acting  along  e  d  must  be  equal  to  that  along  c  b. 
Take  the  distance  c  b  an  Iwing  equal  to  the  amount  of  forc# 
acting  in  that  dii-ection,  and  lay  off  along  c  d  a.  distance  0  «,  equal 
to  0  S.  From  e,  a  line,  e/,  is  drawn  parallel  to  e  6,  and  another 
line,  b/,  is  drawn  parallel  to  c  e.  The  direction  and  magnitude  of 
the  I'esidtant  force  will  be  given  by  the  line  cf,  the  diagonal  of 
the  parallelogram.     In  the  case  under  consideration,  the  back- 
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WINDING. 

stay  should  reach  the  ground  at  the  point  g,  where  the  diagonni 
cuts  the  line  a  b ;  but,  even  at  the  best  regulated  collieries,  acci- 
dents happen,  and  the  cage  may  be  draivn  violently  againet  the 
head-gear,  or,  even  without  doing  thiii,  it  is  possible  for  some 
larger  power  to  be  applied  lUong  the  line  e  d  than  that  due  to 
the  weight  hanging  down  the  shaft.  To  be  on  the  safe  side,  it  is 
preferable  to  lay  off  along  c  d  a  distance  c  e"  equal  to  twice  c  h, 
tf  and  hf  are  drawn  parallel  to  c  h'  and  o  d'  respectively,  and 
the  panJlelogram  constructed  aa  before.  The  point  /,  where  the 
diagonal  c  /'  cut";  the  line  a  b,  will  determine  the  length  of  the 
base  of  the  pit  frame.  In  an  actual  case  of  over-winding,  the 
weight  of  the  pit  frames  reduces  the  likelihood  of  their  being 
pulled  over,  and  adda  to  their  stability ;  indeed,  it  is  very  pro- 
bable that  unless  a  detaching-hook  is  used,  either  the  head-gear 
would  be  smashed  or  the  rope  broken. 

Wood. — Where  wood  ia  the  material  used  it  is  generally  pitch- 
pine,  which  should  be  free  from  sap  and  knots.  The  height  and 
position  of  the  back  lega  having  been  determined,  the  strengths  of 
the  required  timbers  are  found  by  calculation,  and  depend  on  the 
height  and  load  to  be  carried.  In  side  elevation,  the  front  legs 
ai'e  vertical,  their  position  with  respect  to  the  centre  of  the  shaft 
being  determined  by  the  Rize  of  tbe  pulley,  because  they  come 
directly  under  i(s  ceutre,  while  the  throat  of  the  pulley  has  to  allow 
the  rope  to  pass  down  the  axin  of  the  shaft.  In  end  elevation,  the 
width  at  the  top  is  determined  by  the  distance  between  the 
centres  of  the  two  cages,  because  each  pulley  has  to  lead  its  own 
rope  on  to  the  centre  of  each  cage.  If  to  the  distance  between 
the  centres  of  the  cages,  be  added  the  distance  between  the 
centres  of  the  pulleys'  bearings,  the  length  from  centre  to  centre 
of  the  two  main  cap-pieces  is  obtained.  This  gives  the  width  at 
the  top.  The  width  at  the  bottom  is  determined  by  the  amount 
of  inclination  given  to  the  legs,  which  is  usually  t  in  9  or  10. 
The  main  legs,  both  back  and  front,  ore  braced  and  connected 
together  by  horizontal  and  dingonal  struts,  and  often  too  many 
ue  introduced.  There  is  no  necessity  to  add  one  more  than  is 
absolutely  necessary,  as  they  only  weaken  the  erection  by  burden- 
ing it  with  additional  weight.  The  structure  often  rests  on  two 
main  parallel  sills  running  from  the  back  to  the  front  legs,  but 
Buch  practice  is  not  recommended.  These  sills  rest  on  brick- 
work, and  dirt  and  soil  accumulate  around  them,  with  the  result 
that  they  are  the  fii'st  part  of  the  structure  to  get  rotten,  and, 
Lo  matter  how  carefully  they  are  painted,  decay  oannot  be  pre- 
vented The  best  plan  is  to  put  each  leg  into  a  cast-iron  shoe 
(similar  to  Figs.  276-278),  resting  on  a  pillar  of  masonry,  and  held 
m  position  by  tie-bolts.  Part  of  the  timber  is  buried  in  the  shoe, 
and  at  the  point  where  the  iron  ends  and  the  timber  first  becomes 
exposed  to  the  atmosphere  a  crevice  exists,  through  which  moistui'e 
way.     Unless  this  is  prevented,  the  timber 
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will  rot  quicker  than  if  it  was  ou  wooden  sills.  To  prevent  this,  the 
joints  should  be  most  carefully  filled  in  with  putty  and  painted, 
and  then  a  strip  of  zinc  placed  all  round. 

Itwo,  or  SUd. — Pit  frames  have  gradually  increased  in  height, 
and  the  tendency  ba«  also  been  to  i-aise  heavier  loads  at  quicker 
speeds.  It  has,  therefore,  become  difficult  to  obtain  timber  of  the 
required  size  and  lengths,  exc«pt  at  great  expense.  As  a  reiiiilt, 
wrought-iron  erections  were  first  substituted,  to  be  replaced  in 
their  turn  by  steel.  The  position  of  the  various  parts  should  be 
the  same  as  if  wood  were  used.  On  the  Continent,  a  design  is 
employed  where  the  legs  are  composed  of  tubular  girders  bi-aced 
together  by  channel  section  stays,  but  the  general  Enghsh  practice 
is  to  construct  the  legs  either  of  box  or  lattice  girders.  A  tine 
example  of  the  latter  design  is  one  of  the  pit  frames  at  Sandwell 
Park  Colliery,  the  construction  of  which  is  shown  in  Figs.  276  to 
378,  which  are  respectively  side,  front,  and  back  elevations.  The 
general  construction  and  dimensions  are  given  on  the  illusti'ations. 
All  the  main  stmts  are  of  lattice  girder  work,  which  consists  of 
four  angles,  one  at  each  corner,  connected  by  diagonal  pieces  of  flat 
strip;  the  pulleys  are  carried  by  girders,  which  are  of  box  con- 
struction in  section,  but  the  sides  are  lattice  work  to  allow  for 
the  adjustment  of  the  pulley  carriages.  The  plates  shown  in  the 
front  elevations  are  open  at  the  bottom. 

Ae  the  legs  have  to  bear  less  weight  at  the  top  than  at  the 
bottom,  it  is  common  to  make  them  taper.  With  11  lattice  ginler, 
if  it  tapers,  every  set  of  cross-pieces  binding  the  comer  angles 
together  is  necessarily  of  a  ditTei-ent  length,  which  inci'eases  the 
cost  of  manufacture ;  to  remove  this  disndvantage,  the  legs  hava 
lately  been  made  pai'allel  throughout.  By  doing  this  the  weight 
of  the  girders  is  slightly  increased,  and  they  are  stronger  at  the  tup 
than  i-equired,  but  as  the  cross-stays  in  each  girder  ai-e  of  exaitly 
the  same  length,  each  one  can  he  cut  and  rivet-holen  punched  from 
one  template,  instead  of  the  innumerable  sizes  which  are  required 
with  taper  girders.  The  economy  of  construction,  therefore,  for 
outweighs  the  extra  cost  of  the  small  additional  weight. 

As  a  lattice  girder  is  rather  expensive  to  make,  and  as  of  late 
yatrs  it  has  been  possible  to  roll  very  long  strips  of  either  iron  or 
steel,  the  box  ^rder  form  of  leg  has  been  adopted  in  many  cn.>«s. 
The  one  at  St.  Hilda  Colliery,  South  Shields,  may  be  quoted  a.s  an 
example.  It  is  75  ft.  high  and  commences  at  the  bottom  with  a 
section  18  in,  sqirnre  and  finishes  15  in.  squai-e  at  the  top.  Each 
member  consists  of  four  plates,  hound  together  by  angle  pieces 
at  the  coi-uers.  In  the  main  struts,  the  four  plates  are  -^^  in 
thick,  and  the  angle  ii'on  is  3J  in.  by  3^  in.  by  £  in. 

Fulleys. — At  one  time  chains  were  employed  for  winding,  but, 
except  in  the  rarest  instances,  none  are  now  to  be  found,  ropes 
either  of  flat  or  round  section  being  employed.  Upon  the  typo 
of  rope  used  depends  the  shape  of  the  throat  of  the  pulley,  such 
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part  being  the  only  variable  one,  their  general  design  being  the 
Hame  either  for  round  or  flat  rapes.  They  consist  of  a  cast-iron 
boss  and  rim,  connected  together  by  wrought-iron  spokes  (Fi^. 
279).  The  shaft,  or  "gudgeon,"  ia  composed  of  wrought-iron, 
hanng  turned  bearings.     With  n  view  of  reducing  friction,  the 
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bearings  should  be  as  Binall  and 
the  pulley  as  large  as  possible 
The  large  diameter  of  the  pullef 
introduces  another  advant^e,  as 
it  reduces  the  bend  of  the  rope, 
and  it  is,  theref  oi-e,  not  uncommoii 
to  find  puUeys  having  a  diameter 
of  tS  to  10  feet.  Beyond  such 
size  there  is  a  difficulty  in  making 
the  pulley  strong  enough  to 
stand  a  heavy  load,  and  at  the 
same  time  keeping  it«  weight 
within  bounds.  It  is  very  neces- 
sary that  these  pulleys  should  be 
as  light  nspos-sible;  if  not,  with 
quick  Binding  they  have  a  ten- 
deucy  to  spin  after  the  ropes 
cea-se  riinning. 

When  flat  ropes  are  used,  the 
groove  in  the  rim  must  be  made 
perfectly  flat,  or  the  rope  will  be 
unduly  strained.  With  round 
ropesi,  the  bottom  of  the  groove 
will  besemicii'cular,  of  a  sufficient 
size  to  suit  the  rape.  It  is  essen- 
tial that  the  throat  should  be 
made  wide  enough  to  allow  the 
rope  n  certain  amount  of  play,  for, 
as  each  successive  coil  is  wound 
on  the  drum,  it  is  obvious  that 
the  position  of  the  rope  is  comstnntly  changing  with  respect  to 
the  verticn!  plane  of  tlit?  pulley. 

SKIPS  AND  CAOES.^At  onetime  the  mineral  was  wound 
from  the  shaft  in  what  were  called  skips,  which  were  attached  to  the 
winding-rope  through  the  medium  of  chains  and  swung  loose  in 
the  shaft.  The  Mines  Regulation  Act,  1872,  mode  it  compulsory 
that  guides  should  be  a<lopted  in  all  shafts  over  50  yards  deep ; 
and  at  the  present  time  practically  all  shafts  are  provided  with 
guides,  and  the  tubs  placed  in  a  framing,  called  a  cage. 

Shape  and  Construotlon. — The  shape  of  the  cage  is  deter- 
mined by  the  size  of  the  tubs,  and  the  number  on  each  deck.  A. 
common  procedure  in  dealing  with  large  quantities  is  to  place  two 
tubs,  end  to  end,  on  each  deck,  and  to  have  four  decks.     If  the 
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tnbe  sre  smnll  ones,  four  may  be  placed  on  each  deck.  Then  as  to 
material.  Everywhere  cages  ore  now  constructed  of  steel.  Each 
time  a  nrnding  takes  place,  a  certain  useless  dead  weight  has  to 
be  lifted,  consisting  of  the  weight  of  the  tubs,  the  cage,  and  tbe 
rope  banging  in  tbe  nhaft,  and  it,  therefore,  becomes  imperative, 
with  deep  shafts  and  henvy  loads,  to  use  material  having  the 
greatest  strength  and  the  least  weight.  Every  second  saved  in 
the  time  of  winding  is  of  importance.  Nothing  is  gained  by 
having  cages  too  heavy,  while  everything  is  lost.     A  heavy  cage 
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knocks  itself  to  pieces,  while  tbe  cost  of  a,  light  one  is  so  small, 
that  the  gain  in  output,  which  lesults  from  quicker  winding, 
more  than  compensates  for  repairs  and  renewal.  A  good  example 
of  the  modern  colliery  cage  is  that  illustrated  in  Figs.  3S0  and  28 1 . 
It  holds  two  tubs  on  each  deck,  each  weighing  7  cwt.,  cai-ricia 
Sa  cwt,  of  coal,  and  weighs  itself  only  30  cwt,,  so  that  the  useful 
load  is  47,2  percent,  of  the  total  weight.  The  horizontal  frames  are 
composed  of  angle  steel,  3  in.  by  3  in.  by  -^^  in.,  tied  together  by  two 
vertical  angle  pieces  and  one  flat  strip  ou  each  side.  A  strength' 
etiing  plate,  9  in.  deep  by  y*^  in.  thick,  runs  along  each  side  of  the 
horizontal  frame,  and  the  three  uprights  are  bound  together  by 
diagonal  struts.     The  author  has  employed  a  cage  of  exactly 
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t^iiuilar  construction,  only  ]ight«r,  carrying  23  cwt.  of  coal  And 
ua  8  cwt.  tub,  the  weight  of  the  cage  and  bridle  chains  being  only 
1 1^  cwt. ;  the  useful  load  is  here  53.0  per  cent,  of  the  total  load. 

Ueans  for  Keeping  Tuba  on  Cages. — When  the  tubs  &re 
placed  on  the  cage  some  means  have  to  be  provided  for  keeping 
them  there  during  the  process  Of  winding.  This  is  done  in  > 
variety  of  ways,  but  by  far  the  commonest,  and  perhaps  the  best, 
is  to  employ  a  bar  of  iron  running  along  the  ude  of  the  cage,  each 
end  of  this  bar  being  bent  back  at  right  angles.  In  its  aomial 
position  it  hangs  as  at  a  (Fig.  281),  and  locks  the  tubs,  but  on 
arriving  at  bank  it  is  rotated,  the  ends  deHcribing  the  arc  of  a 
circle,  diiown  by  the  dotted  lines,  and  taking  the  position  drawn  at 
6,  allowing  the  tubs  to  run  off  at  one  aide,  to  be  replaced  by  others, 
the  bar  h^g  then  pulled  down  again. 

In  some  instances  this  baj-,  instead  of 
Fid.  282,  beingatthesideotthecage,ninBalongthe 

■        1  I  ._      top  of  it,  and  when  in  its  ordinary  position 

the  ends  hang  vertically  under  the  influ- 
ence of  gravity.  The  bar  (a  b.  Fig.  382) 
works  about  the  centre,  a,  and  is  provideil 
with  a  stop.  On  i-eacMng  the  surface, 
the  banksman  pushea  the  hanging  piece, 
c  <^,  to  the  left  hand,  and  a  tooth  in  it 
cat<;hes  the  etop,  u  b,  and  holds  it  in  a 
J  £(/  horizontal  position.  To  release,  th«  end 
b  in  lifted,  and  the  catch  drops  to  the 
vertical  position,  and  so  keeps  the  tubs  in  the  cage. 

BOPES.^ — Two  forms  of  rope  are  used  ut  collieries — flat  and 
i-ound.  The  advantage  of  the  former  is  that  ae  the  rope  is  wound 
on  the  drum,  each  lap  coils  successively  on  the  one  below  it,  and 
the  vertical  plane  of  the  drum  and  piUley  therefore  coincide.  A 
certain  amount  of  counter-balancing  also  takes  place,  as  the  drum 
vaiies  in  diameter.  At  the  commencement  of  the  wind  it  is  small, 
but  as  the  coils  are  wi-apped  on,  it  increases  in  diameter,  until  at 
the  end  its  maximum  size  is  attiined.  These  considerations 
influenced  at  first,  in  a  very  marked  degree,  the  choice  of  ropes 
for  winding  piuposes,  and  flat  ones  were  largely  adopted.  Expe- 
rience has  not,  however,  justifietl  the  Belection,  the  above-named 
advantages  being  found  to  be  more  imaginary  than  real,  fivea 
with  the  deepest  pits,  it  is  possible  to  place  the  winding  machinery 
at  such  a  distance  from  the  shaft  that  the  angling,  caused  by  a 
round  rope  coiling  on  the  drum,  is  scarcely  perceptible,  or,  at  any 
rate,  is  not  very  objectionable,  and  it  is  also  possible  to  perfectly 
counterbalance  the  weight  of  round  ropes  by  several  methods, 
which  are  described  further  on.  Excepting  on  the  Continent,  flat 
ropes  are  becoming  a  thing  of  the  pist.  They  cost  twice  as  much 
as  round  ones,  and  only  wear  about  half  as  long. 

Hopes  are  constructed  of  three  mat«iials — hemp,  iron,  and 
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steel-  In  English  collieries,  hemp  has  never  been  uned  to  a  _ 
large  extent,  and  at  the  present  time,  not  at  all.  On  tha 
Continent  hemp  ropes  are  numerous,  and  iron  or  steel  ones  riiie  ; 
aloe  fibre  is,  however,  employed  instead  of  hemp.  It  is  difficult 
to  imderntand  why  this  class  of  material  is  retained,  for  its  strength 
is  80  small,  that  a  very  large  and  heavy  rope  has  to  be  employed. 
The  engineers  state  that  its  great  advantage  is  the  non-liability 
to  breakage,  owing  to  the  perfect  reliability  and  uniformity  of 
construction,  but  statistics  do  not  bear  out  this  claim. 

Wire  Ropes. — In  the  early  days,  no  doubt,  some  steel  ropes 
did  fail  in  an  unac4:oun  table  munuer,  but  at  the  present  time  their 
manufacture  baa  reached  a  high  degree  of  perfection,  especially 
in  England. 

Wire  ropes  were  first  constructed  of  iron,  but  ai-e  now  made 
almost  entirely  of  steel.  No  iidvantage  is  gained  by  using  tbe 
former  material ;  it  does  not  wear  well,  and  its  tensile  strength  is 
so  small  that  heavy  ropes  are  required.  Most  manufactuiers 
supply  steel  in  three  qualities — Bessemer,  crucible,  and  plough. 
The  Utter  is  about  50  per  cent,  stronger  than  the  foi-mer,  but 
only  about  i2i  per  cent,  stronger  than  crucible  steel.  Crucible 
steel  ropes  can  be  purchased  in  all  ordinary  sizes  from  £^2  to 
^£41  per  ton,  while  plough  steel  ropes  cost  from  ^54  to  ^66. 
For  alt  situations  where  a  rope  is  icom  out  and  not  spoiled,  the 
latter  are  worth  the  extra  money.  Every  rope  put  to  work 
should  have  a  record  kept  of  its  performance,  that  is  to  say,  the 
number  of  tons  that  it  either  hauls  or  winds.  Statements  are 
sometimes  made  that  a  rope  has  lasted  so  many  years.  Unless  the 
number  of  tons  is  known,  such  an  assertion  is  valueless,  because 
a  rope  in  another  position  might  have  lasted  only  half  as  long, 
and  yet  have  dealt  with  more  tonnage.  On  inclines,  or  places 
irhere  a  rope  is  subjected  to  severe  shocks  and  strains,  it  is  nob 
advisable  to  use  plough  steel,  because  the  rope  may  be  broken  and 
spoiled  before  it  is  anything  like  worn  out,  but  for  slow-moving 
rope  haulage,  or,  especially  winding,  the  highest  priced  ropes  are 
the  cheapeet  in  the  end ;  in  the  first  place,  owing  to  their  great 
strength,  a  smaller  weight  is  required,  and  in  the  second,  their 
life  is  moch  longer. 

Ropes  usually  stretch  when  fii-st  started,  and  probably  get 
more  brittle  with  work.  They  should  be  carefully  manufactured, 
and  carefully  and  thoroughly  examined.  The  best  signs  of  the 
limit  of  work,  are  the  wearing  and  occasional  breakage  of  the 
The  principal  cause  of  failure  is  due  to  oxidation,  espe- 
-«uUy  with  steel.  Unless  ropes  are  kept  freefrom  rust,  they  will 
never  last,  no  matter  what  material  is  used  in  construction.  How 
iften  oiling  is  required  depends  on  the  conditions  of  the  working 
'  weB.     llie  grease  required  for  such  purpose  should  be  rich  in 

i  and  quite  free  from  acids,  and,  what  is  of  the  greatest 
i,  should  not  turn  hard,  or  the  outside  wires  will  get 
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wvU  gTMaed,  while  the  inside  goes  rusty.  A  simple  bat  gStee^!99 
lape-grwang  appamtod  consieU  of  a  cylindrical  case  uuide  in  two 
halves,  and  prorided  with  two  handlee,  which  are  grasped  by  the 
attendants,  one  on  each  »ide.  Bruahea  are  arranged  in  the  top 
f*rt  and  clean  off  the  old  grease,  while  the  rope  ruoB  through  a 
bath  of  oil  h^ld  in  a  cap  just  below ;  the  grease  is  thonm^hty 
rubbed  in  by  some  loose  felt,  also  satarated  with  grease,  which  is 
situated  in  the  base  of  the  cylinder. 

The  drums  and  pulleys  should  be  as  large  as  feasible,  a  good 
rule  being  that  their  diameter  should  never  be  less  than  a 
handred  times  that  of  the  rope.  The  angle  that  the  rope  makea 
with  the  pulley  sliould  be  as  small  as  poesible.  Ordinary  ropes 
consist  of  six  strands,  of  ^ven  wires  eacn,  tnistcd  round  a  hemp 
corv;  but  for  special  cases  where  small  drums  have  to  be  employeii, 
the  diameter  of  the  wire  is  decreased,  and  more  wires  and  strands 
nsed  to  make  up  the  rope.  Except  for  such  purposes,  no  ad- 
vantage  is  gained  by  this  construction,  as  although  the  tensile 
atnngth  of  the  wires  is  increased,  they  are  apt  to  break  after  a 
little  wear.  After  a  thin  wire  has  worn  a  little,  only  a  small 
quantity  of  material  remains,  while  the  same  amount  of  wear  on 
a  larger  wire  is  scarcely  perceptible. 

For  ropes  with  hemp  cores,  if  the  circumference  in  inches  be 
squared,  the  product  will  practically  be  the  weight  in  Ibe.  per 
fathom.  In  deciding  on  the  size  of  rope  required,  the  weight  to 
be  lifted  is  first  determined.  For  a  winding-rope  such  load  most 
include  the  weight  of  cage,  tubs,  coal,  bridle- chains,  and  the  rope 
hanging  in  the  shaft.  Each  manufacturer  iuiues  a  card  giving 
the  brt^ing  strain  of  different  qualitiett  of  ropes,  or  if  the  par- 
ticulars are  forwarded,  he  will  readily  advise  a  suitable  sise. 
The  breaking  strain,  however,  is  not  the  working  load.  For 
shaft  work  the  safe  load  is  taken  at  one-tenth  the  breaking 
strain,  and  for  inclines  one-seventh.  In  the  fonner  ca«e,  men 
have  to  travel  on  the  rope, 
ITiGS.  28j  Asn  2S4.  and  for  such  reason  a  higho- 

margin  is  allowed. 

Ordinary  iay. — As  ordi- 
narily constructed(Fig.  283) 
the  strands  of  a  rope  are 
litid  in  the  oppoaite  direction 
to  the  twist  of  the  wires  in 
each  sti-and,  with  thereeult 
that  the  weai'  on  the  crown 
of  the  strand  is  grent  and  the  wires  readily  break  tbere  ( Fig.  384). 
Lang's  PaUiU. — In  England  the  first  successful  change  from  the 
old  construction  was  introduced  by  Messrs.  Cradock.in  18S0.  Id 
Lang's  patent,  the  wires  are  spun  in  the  strands  in  the  same  direc- 
tion as  the  strands  are  laid  in  the  rope  (Fig.  285).  There  is,  there- 
fare,  a  much  larger  surface  exposed  to  friction.     In  working 
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drams,  &e.  the  wires  are  bent  obliquely,  and  thun  the  greatetit 
amount  of  wear  Ib  obtAined.  Lang'^i  rope  weai-s  out ;  it  is  otily 
under  the  most  exceptional  cii^umstnnces  that  wires  break.  Fig, 
jS6,   from    a   photograph, 

illustraleB  the  gi-adual  re-  FiGB.  285  AMD  286. 

duction  thnt  takes  place  in 
the  diameter.  This  con- 
eti-uction  baa  increased  the 
life  of  the  ropes  at  least  100 
per  cent.,  and  no  greater 
argument  can  be  adduced 
in  its  favour  than  the  fact 
that    aa   soon    as    Messrs. 

Cradock  abandoned  their  patent  righte  every  manufuctui-er  com- 
menced making  ropee  of  this  construction.  There  aeemn,  however, 
to  be  still  some  "  unknown  quantity,''  as  the  author's  experience 
of  Messrs.  Cradock's  ropea  is  that  they  give  better  results  than 
those  of  other  tirms  made  on  the  same  principles. 

Locked  Coil. — With  the  object  of  increasing  the  wearing  surface, 
locked  coil  ropes  were  introduced  in  1885.  A  aeries  of  coils  of 
wire  are  spurally  wound  upon  each  other,  all  of  which,  or  some- 
times only  the  outer  one,  are  composed  of  special  section  wires, 
vfaich  when  closed  together,  interlock,  and  present  a  smooth  uni- 
working  surface.     The  rope  in  external  appearance  it-semhles 

bar  of  iron,  but  is  exceedingly  flexible,  and  has;  little  tendency  to 
At  first,  there  must  have  been  some  defect  in  the  manu- 
"facture,  as  the  outside  coils  slipped  on  the  imiide  ones  and  the 
Topee  Iwoke  up  soon.  At  present,  their  chief 
disadvantage  is  the  impossibility  of  splicing  Fm.  jg^.  Yia.  288. 
and  difficulty  of  capping.  Recently,  fiat- 
t^ied  stranded  ropes  have  been  introducad, 
&nd  can  be  spliced  with  readiness,  but  have 
not  been  in  use  long  enough  to  establish  any 
data  as  to  their  economy  or  otherwise. 

Attachment  to  Cage. — The  end  of  the 
rope  is  connected  to  the  cage  chains  through 
whnt  is  knon-n  as  the  capping,  which  exi)i!tf< 
in  many  different  forma.  The  old  plan  was 
to  employ  two  semicircular  collars  encircling 
the  rope,  these  being  prevented  from  slipping 
or  drawing  oS'  by  rivets,  which  passed  both 
through  the  rope  and  capping.  The  di-iving 
in  of  these  rivets  necessarily  injured  the 
ropes;  toremove  this  disadvantage,  a  capping 
with  collars  driven  on  (Fig.  287)  was  adopted, 
A  better  plan  ia  to  employ  a  conical  socket 
(Fig.  288).  In  attaching  this,  the  i-ope  is 
firbt  of  all  tlireadeil  through  the  thin  end  and  dr;iwn  out  a  short 
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distance  beyond.  The  ends  of  the  strands  are  opened,  and  bent 
back  on  tb^mEelvee,  part  of  each  strand  being  cut  away,  and  in 
every  instant*  are  secured  with  thin  binding  wire.  The  end  of 
the  rope  is  now  conical,  and  is  di-awn  into  the  socket.  As  an  addi- 
tional security,  a  conical  wedge  is  often  inserted  in  tlie  place  origin- 
ally occupied  by  the  hemp  coi'e.  Ei^cept  under  abnopiual  conditions, 
it  is  impossible  to  draw  the  thick  end  of  the  rope  through  the 
smatl  end  of  the  socket,  except  by  splitting  it.  If  properly  con- 
structed of  suitable  material,  such  could  scarcely  happen,  but  for 
very  heavy  loads,  collars  are  shrunk  on.  At  the  point  where  the 
rope  leaves  the  capping  the  wires  are  subjected  to  a  nipping  action, 
and  often  break.  It  is,  therefore,  advisable  that  careful  inspec- 
tion should  be  made,  and  a  plan  is  adopted  nt  many  collieries  of 
re-capping  ropes  at  regular  intervals,  whether  they  appear  to 
require  it  or  not.  In  wet  shafts,  the  wires  rust  inside  the  capping, 
and  such  action  cannot  be  detected.  To  prevent  it,  the  capping  is 
often  run  full  of  lead. 

Cage  Chains. — The  cage  is  attached  to  the  capping  through 
the  medium  of  chains,  usually  six  in  number,  one  at  each  comer, 
and  one  from  each  centre  of  the  two  longest  sides.  The  two  latter 
are  often  allowed  to  be  slack,  and  only  the  comer  ones  kept  taut. 
There  appears  no  rtaison  why  such  should  be  done,  as  if  sis  chains 
are  required,  all  should  do  a  proportion  of  the  work.  It  is  argiied, 
that  the  object  of  the  central  chains  is  to  take  the  weight  if  any- 
thing happens  to  the  corner  ones,  and,  no  doubt,  it  is  a  difficult 
Duitter  to  keep  six  chains  of  such  a,  length  that  all  take  an  equal 
bearing,  but  the  diliiculty  is  overcome  by  providing  the  two 
a  with  adjusting  screws,  which  enable  any  slack  to  be 
readily  taken  up.  These  ca^  or  bridle  ch^ns 
should  be  of  the  veiy  best  quality  of  iron 
obtainable,  and  should  be  regularly  token  off 
every  three  or  four  months  and  annealed  ;  eq 
much  depends  on  them,  that  no  precaution 
should  be  neglected.  As  a  rule,  each  pair  of 
chains  i.t  connected  to  a  larger  link  at  the 
end  furthest  from  the  cage,  and  each  of  the 
three  larger  links  are  in  turn  connected  to  a 
still  larger  link,  which  is  fastened  to  the 
capping  by  a  bolt.  With  this  method,  if  any- 
thing happens  to  the  main  link  the  cage  is 
detached  from  the  rope.  The  better  plan,  and 
nmon  procedure  in  the  North  of  England 
1  on  the  Continent,  is  to  connect  the  link 
joining  each  pair  of  chains  to  a  oompoand 
plate,  shown  in  Fig.  2S9. 
The  breaking  strain  of  chain  made  from  the  best  qnalitiee  of 
iron  can  be  found  by  an  easily  remembei-ed  rule ; — If  W  =  break- 
ing strain  in  tons,  d  =  diameter  in  eighths  of  an  inch:  'W=-^^     The 
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safe  working  load  for  shafte  should  not  be  more  than  one-tenth 
of  the  breaking  Htrain. 

Uethod  of  Taking  Off  Strain. — When  the  cage  is  resting  at 
the  bottom  of  the  '^haft,  and  is  suddenly  lifted,  the  strain  on  the 
winding  rope  is  much  greater  than  that  due  to  the  load,  especially 
if  there  is  any  slack  chain.  Messrs.  Cradock  have  published  a 
table  showing  the  result  of  some  testa,  very  carefully  made  by  a 
dynamometer,  from  which  it  appeurs  that  the  extra  strain  may 
amount  to  over  twice  the  real  load,  aa  will  be  seen  from  the 
following  extract : 

Tom.  Cwti. 
Cage  and  four  full  mbs  weighed  by  mncliine     .         .       S      • 

„     lifted  gent)y 5      3 

,,        ..      with  3  inches  oC  Maclt  clinin     .         .        .      S     10 


The  extra  sliiiin  has  iin  injurious  etiect  on  the  lopc,  and 
numerous  devices  have  been  proposed  from  time  to  time  to  i-educe 
it.     The  author,   in   visiting   Mariemont  Colliery  iu    Belgium, 


'  obaerred  a  simple  but  effective  device,  which  he  hRS  dncfl  adoptod 
ftC  Lye  Cross  Pit.  In  addition  to  the  ordinary  bridle -chainB,  a 
central  one,  passing  from  the  capping  of  the  rope  to  the  oentre  of 
the  cage,  lb  also  employed  (a,  Fig.  290).     It  may  be  considered  as 
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a  prolongation  of  the  winding  rope,  bub  is  ahorler  than  the  vertiail 
distance  f  ixim  the  capping  to  the  top  of  the  cage.  To  it  is  attiached 
an  apparatus,  b,  shown  enlarged  in  Fig.  391.  The  central  bridle- 
cbain  is  comiest«d  to  a  stirrup,  o,  while  the  pin,  b,  is  attached  to 
the  cage.  Threaded  on  this  pin  are  alternate  discs  of  Bheet-iron, 
e,  and  india-rubber,  e,  kept  in  proper  place  by  the  nnt  and  lock- 
nut  at  the  top  of  the  pin,  b ;  both  india-rubber  and  sheet-irou  ^svs 
are  enclosed  in  a  cylindrical  case,  tl,  to  pi'obect  them  from  dirt,i!tc. 
When  the  lift  commences,  the  central  chain,  being  shortest,  docs 
all  the  work,  the  Ktirmp,  a,  slides  on  the  spindle,  b,  and  compresfes 
the  india-rubbei'  ditics,  until  the  central  diain  lengthensi  to  such 
an  extent  that  the  comer  chains  come  into  operation  and  do  their 
share  of  work.  Instead  of  this  arrangement,  voluto  springs  are 
sometimes  employed,  and  have  been  used  at  Mariemont,  but  were 
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abandoned  through  unreliability,  as  they  often  broke  and  caused 
mishap.  The  weight  of  such  a  rope-easing  gear,  including  the 
centra!  chain,  two  angle  pieces  across  the  top  of  the  cage,  and  all 
the  fittings  caused  by  tiie  addition,  is  only  71  lbs.,  and  its  cost  is 

In  some  cases  india-rubber  blocks  have  been  placed  beneath  the 
pulley  pedestals,  but,  being  exposed  to  the  weather,  the  blocks 
soon  become  hard  and  lose  their  elasticity.  A  superior  plan  ia  to 
place  the  pedestal  on  springs  similar  to  those  used  in  railway 
waggons.  Fig.  292  shows  such  an  arrangement  at  Bell  End  Pit. 
The  pedestals,  a,  work  in  guides,  b,  and  have  a  pluy  of  about  3  in. 
The  guides  compel  the  pulley  to  travel  in  a  vertical  plane  and 
prevent  it  from  canting.  A  tttop,  0,  is  provided  underneath  the 
spring  to  prevent  it  compre.'-siug  too  much,  and  a  cross-bar,  d, 
is  placed  over  the  top  to  prevent  the  carriage  being  sprung  out 
of  the  guides  under  abaormal  shocks.  This  arrangement  is  used 
in  conjunction  with  the  central  chain-gear  just  described. 

It  is  rather  a  difficult  matter  to  eatimato  definitely  the  addi- 
tional life  of  a  rope  caused  by  adopting  such  arrangements,  bat 
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OniDEB. — The  cages  are  not  allowed  to  awing  free  in  the 
shiift,  but  are  kept  in  the  projier  direction  by  guides,  which  may 
either  be  wood,  iron  mils,  or  wire  ropes. 

Wood  guides  are  usually  made  of  piteh-pine,  are  joined  together 
in  lengths,  and  are  secured  to  cross  buulks  by  screws.  They  are  un- 
■uiUtd  for  quick  winding,  are  costly  to  fix  and  keep  in  repair,  but 
they  are  rigid,  and  their  first  cost  is  small.  For  deep  shatte  and 
heavy  loads,  the  small  advantage  in  cost  is  soon  countBrbiilanced 
by  the  cost  of  the  up-keep.  With  few  exceptions,  they  are  a 
thing  of  the  past. 

Bails. — To  obtain  the  rigidity  of  wood  and  to  avoid  rapid  wear, 
rail  guides  firmly  attached  to  buntons  have  been  substituted.  It 
is  obvious  that  the  ordinary  form  of  chiiir  employed  on  railways 
cannot  be  used,  as  the  head  and  neck  of  the  rail  have  to  be  left 
clear,  in  order  that  the  sliding  attachment  on  the  cage  may  pass 
freely  along.  As  a  rule,  the  flange  of  such  rails  is  made  broader 
than  the  ordinary  construction,  and 
is  fitted  into  a  chair,  o  (Figs.  293 
and  294),  and  prevented  from  moving 
laterally  by  two  pine,  b  b,  the  heads  of 
which  are  beat  round  to  grip  the  foot 
of  the  rail,  and  counter  sunk  in  tli 
chair  t«  prevent  the  guide  shoe,  < 
catching  them.  The  two  pin 
through  the  chair,  a,  and  are  bolted 
at  the  far  end  to  the  cross  buntons 
<rf  timber,  d,  carrying  the  whole  struc- 
ture. At  Horioz,  near  Li^ge,  rail 
guides  are  fastened  together  by  fish- 
plates at  the  bad,  bolted  to  the  rails; 
the  buntons  in  this  case  are  nob 
placed  at  the  joints. 

Bail  guides  are  not  only  expensive, 
but  require  a  lot  of  attention.  Mr.  Ch, 
Pemanet*  gives  the  following  state- 
ment of  the  cost,  where  the  rails 
weighed  58  lbs.  to  the  yd.,  were  each  9  yda  long,  and  were 
fished  and  bolted  to  oak  buntons  set  5  ft.  apart.  In  the  wall- 
ing, the  buntons  were  set  in  cafit-iron  sockets;  in  the  tubbing, 
iron  circles  of  U  section  resteil  on  the  riba,  and  these  carried 
transverse  girders,  to  which  the  rails  were  attached.  A  space  of 
0.078  in.  was  left  open  between  the  ends  of  the  rails  for  ex- 
pansion, and  the  bolt-holes  in  the  rails  and  fish-plates  were  made 
oval  in  the  usual  way. 

*  For.  Abi.  N.E-I.  ixil.  28. 
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Qiit  where  Shajl  wat  tubbeJ.  r  "j 
(a)  CbviM  — Cost  of  each  circle  ootnplete,  placed  in  pit,  includ- 
ing all  bolts  and  wafbera,  aod  erecting          .         .        .133 
(bl  Baiii. — @  jCs  14s-  puf  ton,  (4  rds.  required  tor  each  yard  o( 

shaft) o  II  k4 

Fixinj;  in  shaft OIJ 

(c)  FUh-piate^ o    P   rt 

Tolal  toil  per  i/ni-d i'  I?    3 

Oott  where  Sha/i  leat  lealled.  £   1     <1 

(a)  Bmtoni.— Oak  bnntoiiB  S  tott'^S y.S~,  with  S  bolts  and 

washers,  and  fixing  in  shaft  ...  0117 

Baib  and  fli^-plateB  as  above        ...  o     14    r 

Tbtal  eoilper  ijani        .        .  .  /i      5     S 


On  the  Oontinent,  the  common  eyGtem  of  Giring  rail  guides  is 
that  due  to  Mr.  AJ.  Briart,  which  cousiste  io  dividing  the  shafts  hj 
a  Biugle  series  of  bimtons  of 
H  steel  girders,  which  at 
Mui'iemoiit  are  14.96  feet 
long,  0.82  feet  deep,  and  are 
placed  9.84  feet  ap&rt.  The 
utmost  care  is  exercised  in 
getting  these  buntons  in  the 
Bame  vertical  plane,  and  pre- 
vious to  being  fixed  they  are 
not(;hed  to  receive  the  rails, 
which  ai'e  each  19.66  feet 
long,  thus  giving  a  slight 
play  between  the  joints.  To 
secure  the  rails  to  the  bun- 
tons  two  steel  glands  (a,  Fig. 
29s)  are  fixed,  one  on  each 
side  of  the  rail,  which  they 
firmly  grip,  a  bolt,  b,  passing 
fi'oin  one  gland  to  the  other. 
To  prevent  any  chance  of 
movement,  a  block  of  cast- 
iron,  o,  through  which  the 
bolts  pass,  is  placed  between 
the  rails,  and  is  furnished 
with  a  slight  projection,  which 
lies  in  a  corresponding  groove 
rolled  in  the  flange  of  the 
rail.  At  buntons  where  joints 
occur,  two  sete  of  these  glands 
and  blocks  are  fixed,  one  above  and  one  below  ;  but  at  the  inter- 
mediate buntons  only  one  set  at  the  top  of  the  girders  is  used. 
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In  passing  tbrough  tubbing,  the  buntone  ape  carried  in  ehoee 
bolted  to  the  internal  fiungea,  the  girders  being  wedged  in  position 
with  wood  keys  (Fig.  296). 

Wire  Bopes. — In  the  majority  of  coses,  rope  guides  are  em- 
ployed, but  differ  from  ordinury  wire  ropes  in  the  fact,  that 
instead  of  consisting  of  a  number  of  small  wjrts  twisted  into 
etrands,  and  then  into  a  rope,  eacli  eti'aud  con^i^ts  of  only  one 
wire,  but  such  wii'e  ia  of  large  diameter.  At  first  guides  were 
made  like  ordinary  ropes,  but  when  a  little  wear  had  taken  place 
and  a  wire  broke,  the  projecting  piece  was  caught  by  the  shoe  of 
the  cage,  and  the  rope  "  stripped,"  causing  frequent  stoppages. 
As  rope  guides  have  only  to  sustain  small  weights,  wire  of  high 
tensile  strength  is  not  required. 

Kope  guides  are  cheap  in  first  cost  (they  cpji  be  bought  tor  _£i6 
a  ton),  ore  easily  fixed,  require  no  attention  except  oiling,  and 
their  wear  is  .ilmost  unlimited.  They  must,  however,  be  kept 
taut  by  proper  means.  At  their  upper  extremity  they  should  be 
capped  like  a  winding-rope,  and  connected  to  eye-bolts  in  the 
head'gear.  At  the  bottom  they  should  pass  by  the  side  of  a 
bunton,  be  held  there  by  a  staple,  and  weights  added  to  their 
tower  end.  Instead  of  weights,  screws  are  sometimes  used.  In 
deep  shafts  expansion  and  contraction  regularly  take  place  in  the 
guides  owing  to  the  variation  in  temperature,  and  the  length 
alters  considerably  from  a  hot  day  in  summer  to  a  cold  day  in 
winter.  If  screws  are  used,  the  guides  require  constant  attention 
if  they  are  to  be  kept  taut,  whereas,  if  they  are  weighted,  they 
are  always  tight,  as  the  tension  is  always  the  saute. 

It  is  a  di&cult  matter  to  say 
what  weight  should  be  applied  to 
each  rope,  and  for  this  reason  it 
is  not  advisable  that  such  weight 
should  be  in  a  solid  block.  The 
proper  weight  is  a  matter  of 
exper'meiit;  it  varies  from  3  to 
4  tons.  In  addition,  one  large 
weight  1%  very  awkward  to  deal 
with.  A  series  of  single  weights, 
therefore,  appears  preferable,  and 
are  best  constructed  as  shown  in 
Figs.  297  and  398.  Each  one  is 
provided  i«-ith  two  handles,  a  a, 
has  a  hole  through  the  centre,  b, 
and  a  loose  wedge-shaped  piece,  c,  — -  • 

which  when  removed  allows  each  weight  to  be  slid  on  the   rop* 
without  moving  any  of  the  others.     This  piece,  c,  is  not  only 
I  wedge-shaped  in  plan,  but  also  in  cross  section,  and  cannot  Amp 

t  of  place  when  the  weight  is  in  a  horizontal  position.     Tha 
eigh  about  1 65  lbs.  each,  and  can  be  handled  by  two  men. 


Figs.  297  i 


•tII^ 


32: 


3= 
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CondnotOTB  between  Cages. — The  only  objection  vrgai 
against  wire  guides,  is  that  the  clearance  between  tbe  cages  has 
to  be  more  than  if  a  ligid  conductor  was  employed.  For  deep 
shafts  this  is,  do  doubt,  true,  if  the  guides  are  connected  to  the 
cage  on  both  sides ;  but  a  method  is  used  which  entirely  removes 
the  diBadvantuge,  and  allows  the  cages  with  wire  conductors  to  be 
safely  worked  with  as  little  cJeamnce  ae  if  rail  or  wood  guides 
were  employed.  In  ordinary  cases  three  conductors  will  be  fixed 
to  each  cage ;  in  the  special  method,  two  conductors  only  ore 
fixed  to  each  cage,  both  on  one  aide  of  it,  hut  in  between  the  eaget, 
and  unconiiecttii  to  either  oflfiem,  two  other  ropes  are  suspended. 
These  latter  ropes  are  oft«n  flat  ones,  and  at  the  point  of  meeting 
are  lined  with  bteel  strips  pafsing  from  one  to  the  other,  while 
the  cages  are  lagged  up  on  the  inside.     The  result  of  the  whole 


arrangement  is,  that  &om  the  top  of  the  shaft  to  the  bottom,  the 
cages  ai'e  on  opposite  aides  of  tbe  central  conductors,  and  cannot 
possibly  catch  each  other  when  passing. 

G-nide  Shoea. — Some  connectiou  has  to  be  made  between  the 
cage  and  tlie  guides,  so  that  the  former  shall  travel  correctly 
along  the  latter.  If  the  guides  are  of  wood,  the  shoe  need  not 
eudrcle  them,  and  the  form  shown  in  Fig.  299  is  employed. 
With  iron  rail  guides,  which  are  also  rigid,  the  common  form  of 
shoe  has  already  been  illustrated  in  Fig.  293,  but  with  a  view  of 
reducing  resistance,  rolling  has  been  sutetituted  for  sliding  friction, 
and  at  Anzin  Colliery,  Finance,  the  guide  shoe  is  composed  of  two 
wheels,  one  on  each  side  of  the  roil  guide  (a  a,  Fig.  300),  revolving 
on  a  pin  bolted  to  the  side  of  the  cage. 

For  wire  ropes,  which  ai'e  flexible,  the  guide  shoe  must  go 
completely  rouud  them,  or  any  oscillation  would  throw  the  slipper 
ofFtho  guide.  A  common  mistake  is  to  maketheshoes  very  much 
stronger  and  heavier  thau  necessity  I'equires.  If  the  guides  are 
properly  hung,  and  the  centres  of  the  .shoes  set  to  the  correct 


WINDING 


a4J 


advisable  tbat  renewable 
gripping  the  rope,  as  all 


FlO.  301. 


~  g/nage,  very  little  strain  ia  thrown  on  tbem,  and  only  a  compara- 
tively weak  connection  isrequii'ed.     II 
bushes  should  be  provided  for  the  prn- 
the  near  takes  place  there. 
A  good   form   is  shown  ia 
Fig.  301.    It  consiste  of  a 
base  plate,  a,  bolted  to  the 
cage  by  two  pins,  b  b,  and 
bas     cast'iron     bushes,     o, 
divided    into    halves,    these 
being  Used  to  the  base  plate 
by  a  steel   strap,  rf,  which 


encircles  them.     This  strap  [  . 

is  kept  in  position  by  two     wJ    i*J 

pine,  0  e,  also  bolteil  to  the 
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sides  of  the  cage.  By  taking  out  these  two  latter  pina,  the  bushes 
can  be  changed  whenever  desired  without  removing  the  base  plate. 
As  an  experiment,  the  author  tried  brass  buHhes,  but  the  result 
was  by  no  means  satisfactory.  The  first  cost  was  much  more  than 
that  of  cast-iron  ones,  and  tbeir  life  was  considerably  leas.  If  the 
guide?  are  kept  well  lubricated  tbe  wear  is  slight. 

Ouido  Troughs. — While  the  cage  is  tiuvelling  in  the  shaft 
a  small  amount  of  oscillatiou  is  not  objectionable,  as  there  is 
seldom  less  than  from  2  to  4  in.  clearance  at  the  comers,  but 
when  passing  through  the  timber  framing  at  tbe  top,  or  at  inter- 
media-te  hanging-on  places,  where  the  clearance  space  is  small, 
additional  means  have  to  be  provided  to  prevent  the  cage  from 
de\'iating  from  a  definite  line.  With  rigid  guides  nothing  is 
necessar}',  but  with  wire  ropes  the  genei-al  plan 
is  to  plaee  a  trough  opposite  each  guide  at  the 
point  where  they  pass  through  the  frame.  The 
tisual  construction  ia  to  rivet  two  strips  of  angle 
iron  to  a  plat^  at  tbe  back ;  the  angle  pieces  are 
belled  out  iLt  the  top  and  bottom  ends  of  tbe 
trough,  and  the  bai'k  plate  is  bent  outwards  to 
avoid  any  chance  of  the  slipper  i-eceiving  a  blow 
when  it  enters  the  trough  as  it  is  gradually  guided 
:  into  the  proi>er  groove.  The  troughs  are  held  in 
position  by  two  bolts  which  pass  through  the  timber 
framing. 

Where  tbe  banking  level  is  a  considerable  dis' 
tance  above  the  ground,  it  ia  by  no  means  t 
occurrence,  when  storms  prevail,  for  the  ■ 
to  be  blown  out  of  the  troughs,  and  if  this 
Iinppens  during  winding  a  serious  accident  may 
result.  Mr.  A.  B.  Southall  has  designed  a  simple 
appliance,  which  entirely  gets  over  tbe  difficulty. 
A  sliding  block,  a  (Figs.  302  and  303),  with  a  projection  on  each 
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side,  is  placed  in  the  guide  traugh,  b,  which  is  recessed 
receive  the  projection.  This  block  is  free  to  move  upworda, 
but  IB  prevented  from  dropping  completely  out  of  the  trough 
hy  a.  stop-plate,  e,  placed  at  the  lower  end.  In  its  Qormal 
pomtion  it  rests  against  this  stop-plate,  and  the  guide  poases 
through  a  hole  in  the  centre,  and  is  alwiiys  locked  in  itii  proper 
position  in  the  trough.  When  the  slipper  of  the  cage  reaches 
this  block,  it  lifts  it  upwards,  but  on  the  dejieent  of  the  cage  the 
block,  by  the  action  of  gravity,  drops  into  its  former  position. 

Engines. — For  winding  purposes  a  pair  of  engines,  with  the 
cranks  set  at  right  angles,  is  the  only  form  admissible.  There 
are,  however,  two  wayii  of  placing  these  engines,  either  vertical 
or  horizontal.  Vertical  engines  are  becoming  things  of  the  past. 
In  the  first  place  the  cost  of  foundations  is  great.  The  drum  of 
a  winding  engine  may  weigh  anything  up  to  So  tons,  and  if  sucli 
a  mass  has  to  bo  placed  30  to  40  ft.  above  the  ground,  and 
revolved  at  a  high  velocity,  the  structure  carrying  it  most  be 
correspondingly  large.  Vertical  engines  were  desigued  to  reduce 
wear  in  the  pistons,  it  being  considered  that  if  a  large  cyUnder 
was  placed  horieontally,  the  lower  half  would  wear  very  fast.  For 
the  same  reason,  with  hoiizontal  engines  it  was  usual  to  employ 
back  piston-rods,  but  both  in  this  case  and  in  the  former  one,  the 
evil  has  been  proved  by  experience  to  be  more  imaginary  than  real, 
and  as  a  result,  both  vertical  on^'ines  and  back  piston-rods  are 
being  abandoned.  At  Harris  Navigation  Colhery,  inverted  enginee 
are  applied  at  onepit^that  is  tosay,  the  drum  is  placed  below  and 
the  cylinders  above.  The  coet  of  foundations  is  reduced,  but  it 
would  appear  that  no  i-eal  benefit  reaults,  as  the  second  pair  of 
engines  at  the  same  colliery  are  placed  horizontally. 

The  design  and  strengths  of  the  various  parts  is  more  a  matter 
for  the  mechanical  than  the  mining  enj^'ineer.  The  stroke  is 
usually  made  twice  the  diameter  of  the  cyhnder,  and  the  connect- 
ing rod  three  times  the  leugth  of  the  stroke.  The  valves,  both 
st^m  and  exhaust,  should  be  of  large  propoitions.  In  winding, 
everything  is  sacrificed  to  speed.  The  engine  should  be  slmpte, 
easily  handled,  and,  above  all,  over  its  work.  On  large  enginee, 
the  double  beat,  or  Cornish  valve,  has  until  recently  been  the  one 
generally  adopted,  ouing  to  the  ease  with  which  it  is  capable  of 
being  moved,  but  modern  improvements  in  the  design  of  equili- 
brium slide  valves  have  largely  brought  such  class  into  favour. 

The  pi'oper  size  of  engine  to  do  a  given  amount  of  work  may  be 
easily  found  by  appljing  a  very  elementary  formula  of  mechanics, 
but  simple  as  the  problem  is,  the  dotermiuation  of  the  i-equired 
BiEB  is  often  more  a  matter  of  guess-work  than  of  reasoning.  In 
moving  a  load,  an  engine  has  to  do  two  things.  Every  one  is  aware 
that  a  greater  expenditure  of  force  is  required  to  move  a  load  than 
to  keep  that  lua^l  in  motion  when  once  started.  The  greatest 
work  that  a  winding  engine  has  to  do,  is  to  get  a  given  mass  into  a 
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D  velocity  tmifonnly  accelerated  from  rest,  and  to  raise  the 
load  the  distance  passed  over  during  the  time  this  velocity  is  being 
obtained.  Mr.  Robert  "Wilson  "  suggests  a  formula,  based  on 
such  reefooing,  which,  if  followed,  will  be  found  to  be  satis- 
foctory. 

'W=the  weight  to  be  set  in  motion  :  one  cage,  ooal,  immber  of  empty  tabs  I 
on  CHge,  one  windiog  rope  from  pit-be&d  gear  to  bottom,  atie  ropa  1 
from  bank  level  to  bottom. 
D— greatest  Telocitj-  obt^oed  vmiformlj  accelerated  from  rest. 
ir  =  gravity  =  32. 2. 

r~iime  in  fieconda  during  which  v  is  obtained. 
L^niibolanced  load  on  engioe. 
fR  =  ratio  of  diameters  of  dnuii  and  crank  cicclea. 
bi^=Bverage  pressure  of  steam  in  the  cjlindera. 
■L3I  =  number  of  cyhoders. 

F-p=spaae  passed  over  by  crank  pin  during  timet. 

'  C=  J ;  constant  to  reduce  angular  space  pasaed  through  by  crank,  to  th 
distance  passed  through  by  the  piston  during  tbe  time  (. 
A  =  area  of  one  cylinder, 

f  =  additioD  for  friction,  kc,  of  engines  varying  from  lo  to  30  °j,  ol  A. 
B^area  of  cylinders  with  margin  for  friction  allowed. 
diameter  of  cylinder  required. 


,  Where  the  loiid  ti;  balaueed  : 
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^H    I.  Where  the  load  is  unbalanced. 

^^T  The  Bjrmbols  will  Teta.in  their  significance,  and  the  formula  will 
remain  the  same  as  before,  with  the  addition  of  another  term  to 
allow  for  the  varintiou  of  the  lengtha  of  the  ascending  and 
descending  ropes.     In  this  case ; — 

A,  — reduced  length  of  rope  in  (  attached  to  ascending  cage. 
A,«increafl«1  length  of  rope  in  '  attached  to  descending  caga 
ICE  weight  of  rope  per  foot  in  lbs. 

^ r.  s.  N.  c. 

ling  gives 

p.  S.  N.  C. 
A+f=B,andD  =  y:^ 

•  Ches.  Intii  x\.  267. 
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To  >!how  how  this  formula  is  applied,  perbape  the  best  way  irill 
be  to  work  oat  an  example,  assuming  tliat  izoo  tons  are  to  be 
raised  from  a  depth  of  430  yds.  ia  8  hours,  that  the  tuba  weigh  7 
cwt.  ea«h,  and  carry  1 3  owt.  of  coal,  that  four  tubs  are  raised  on 
each  cage,  which  weighs  30  ewt.,  and  that  the  pressure  of  steam 
will  be  70  lbs.,  the  dium.  of  drum  tS  ft.  and  the  stroke  5  ft. 

1 3oa  tons  in  S  hrs.  =  150  tons  an  hour,  and  as  each  journey 
can-ies  4S  cwt.,  nearly  sixty -three  journeys  have  to  be  made  iu  each 
hour,  and  ench  journey  must  not  occupy  more  than  57  seconds. 
As  numerous  t<mall  stoppages  always  occur,  it  would  be  best  to 
assume  that  mnding  and  changing  has  to  take  place  in  50  seconds. 
If  changing  ia  performed  in  8  seconds,  the  actual  time  of  winding 
will  be  42  seconds,  and,  afi  the  flhaft  is  1360  ft.  deep,  the  average 
speed  ^"111  be  30  ft.  a  i>econd.  Tho  maximum  velocity  n-ill  be  at 
least  40  ft.  The  time  t,  in  which  this  velocity  is  obtained,  may 
safely  be  talien  as  ^ih  of  the  total  time  of  winding  =  6. 

The  rope  should  be  of  plough  steel  weighing  2k  lbs.  per  foot. 
If  the  load  is  balanced  L  =  48  cwt.  =  5376  lb9.  IF  the  head.gear 
is  60  ft.  high,  W=  18,322  lbs.  In  the  time  t,  the  drum  will 
probably  make  three  revolutions,  therefore  S=  3  x  5  x  3.i4i(}== 
47.13.     K  =  3.6. 


B  =  590.i+f  (suy  is7.)  =  678.6 


■78S4 
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Fosition  of  Engine  House. — In  nearly  every  mse  the  ^bnft- 

tion  of  the  inset  governs  the  position  of  the  winding  engine,  the 
drum  shaft  being  generally  at  right  angles  to  the  axis  of  the  inset 
and  cages.  The  choice,  Ibei'efore,  appears  to  be  limited  to  t 
positions,  either  A  or  B  {Fig,  304).  Such,  however,  b  not  the 
case  ;  the  cflges  may  still  be  kept  in  the  same  line  by  placbg  the 
pulleys  obhquely,  shown  by  dotted  lines,  imd,  by  doing  s 
engine-house  may  bo  fdtunted  at,  say,  either  C  or  C',  or  practically 
anywhere ;  indeed,  by  putting  one  pulley  over  the  other,  the 
engine  may  be  pLiced  at  right  angles,  D,  to  the  axis  of  the  inset. 

Drums. — The  winding  I'ope  ia  coiled  on  a  dram,  which  may  be 
of  various  forms.  The  lirst  division  is  produced  by  the  type  of 
rope  adopted. 

The  ropes  ore  flat  ones  and  coil  on  themselves;  the  drum  consists 
of  a  narrow  cylinder  of  small  diameter  fitted  with  horns  on  each 
side.     Its  weight  is  small  and  its  construction  simple. 

The  other  main  division  is  caused  by  the  employment  of  round 
ropes.     It  has  been  tried  to  make  round  ropes  coil  on  themselves. 


of  round      j 
emselves,     J 
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Fig.  304. 


and  employ  a  tlriim  similFir  to  that  imed  for  a  flat  rope,  bat  tlie 
expei'ime&t  liid  not  meet  with  succese.  Three  types  of  druins  for 
round  i-opea  are  in  nae ;  (i)  The  ordinary  cylindrical  form, 
parallel  throughout;  (a)  The  conical ;  (3)  The  spiral. 

The  parikllel  form  is  obviously  the  simplest,  cheapest,  and  leaat 
liable  to  accident.  Its  only  disad- 
vantage is  the  side  friction  resulting 
from  the  angling  of  the  rope.  The 
successive  coils  lie  side  by  side,  and  ns 
they  lap  on  the  dram  are  constantly  '. 
moving  relatively  to  tlie  centre  line  j 
of  the  pulley.  An  attempt  is  made 
to  ei^iialise  this  strain,  by  placing  the 
drum  in  such  a  position  that  at  the 
commencement  of  a  wind  the  rope  is 
at  the  some  distance  on  one  side  of 
the  centre  line  as  it  is  ou  the  other 
side  at  the  conclusion—  that  is  to  say, 
the  centre  line  of  the  pulley  coincides 
ivith  the  centre  line  of  half  the  drum. 

The  result,  however,  is  that  at 
first  the  coils  do  not  lie  against  eiich 
other,  but  have  spaces  between,  as  tlie 
rope  tiiea  to  get  into  the  soma  plane 
as  the  pulley,  but  after  the  central 
point  is  paj^ad,  the  rope  still  tries  to 
keep  in  the  same  plane  as  the 
pulley,  and  the  succobsive  coils  not 
only  lie  very  close  against  each 
other,  but  a  grinding  action  is  set 
up  between  them. 

This  disadvantage  is  removed  in  some  cases  by  turning  shallow 
grooves  in  the  circumference  of  the  drum  for  the  rope  to  coil  in. 
It  then  winds  evenly  and  grinding  is  avoided.  A  far  cheaper 
plan,  and  an  equally  satisfactory  one,  is  to  make  the  drum 
a^t^At^y  conical,  instead  of  cylindrical,  a  slope  of  i  in  10  being 
suificient.  The  tendency  of  the  rope  to  get  into  the  same  plane 
as  that  of  the  pulley,  is  thereby  counterbalanced  by  its  disinclina- 
tion to  climb  the  slope,  and  each  coil  winds  evenly  against  the 
other.  With  either  system,  and  a,  cylindrical  drum,  it  is  impas- 
sible to  avoid  side  friction  altogether.  What  is  done  is  to  make 
the  side  friction  of  one  lap  equal  to  that  of  another,  and  not 
throw  all  the  grinduig  action  upon  one  or  two  coils. 

To  obtain  the  advantage  of  counterbalancing,  which  is  dis- 
cussed further  on,  conical  drums  were  designed — that  ia  to  say, 
the  i-opo  coils  on  a  cone  iustead  of  a  cylinder.  The  amount 
of  counterbalancing  that  can  be  obtained  is  small,  as  the  slope  of 
the  cone  is  limited  by  the  fact  that  if  it  is  made  too  great,  the  rope 


m 


I 


25a  TEXT-BOOK   OF  COAL-MINING.  ^^H 

slips  off.  For  this  reason,  their  use  has  been  atuindoned.  ^^^^ 
their  place  spiral  drum!^  have  been  subiitituted,  which  consist  of  a 
combination  of  a  coue  and  a  cylinder.  The  cone  is  verj  steep, 
and  on  its  side  is  arranged  n  spiral  groove,  usually  made  of  semi- 
circular iron  troughs.  The  rope  commences  to  coil  at  the  small 
end  of  the  spiral,  and  gradually  ascends  the  cone,  finally  wrapping 
on  the  cylindiical  part,  the  latter  being  added  to  reduce  the  width 
of  the  drum  and  the  angling  of  the  rope.  As  each  groove  has  to 
be  placed  at  such  a  distance  from  the  one  immediately  above,  that 
the  rope  going  from  the  lower  spiral  misses  the  troughs  of  the 
upper  one,  a  considerable  amount  of  space  is  occupied,  and  unless 
several  of  the  coils  took  place  on  a  cylinder,  angling  would  be  veiy 
large,  and,  in  addition,  for  any  great  depth,  the  size  of  the  drum 
would  be  enormous. 

Several  objections  may  be  urged  against  spiral  drums :  (a)  As 
pointed  out  further  on,  counter lulancing  is  not  perfect ;  (&)  Their 
enormous  weight  and  cost ;  (c)  The  disadvantage  attending  bank- 
ing. The  cage  at  the  bottom  of  the  shaft  is  attached  to  the  rope 
coiling  on  the  smaller  diameter  of  the  drum,  whilst  that  at  the 
surface  is  connected  to  the  larger  diameter.  When  the  cages  are 
moved  to  cliange  the  decks,  thu  drum  lias  to  be  turned  sufficiently 
to  wind  up  on  its  mtialleit  diameter  an  amount  of  rope  equal  to 
the  height  of  a  deck,  whilst,  at  the  same  time,  the  cage  at  the 
surface  is  lowered  a  considerably  greater  distance,  because  the 
rope  to  which  it  is  attached  is  coiled  on  the  larger  diameter  of  the 
drum.  After  the  engineman  has  put  the  bottom  cage  in  position, 
he  has  to  lift  up  the  top  cage  again  to  discharge  its  content^!,  the 
result  being  that  time  is  lost  in  banking. 

Brakes. — An  efficient  brake  on  a  winding  engitie  is  an  abso- 
lute necessity.  In  cases  of  emergency,  very  powei'ful  ones  are 
required,  and  to  meet  the  case  the  brake-strap  is  connected 
through  a  lever  to  the  piston-rod  of  a  small  engine,  into  which 
steam  can  be  admitted.  Such  an  appliance  acts  on  the  "all  or 
none  "  principle ;  full  power  has  either  to  be  exerted  or  not.  If 
steam  be  admitted  to  the  cylinder,  the  power  applied  to  the  brake 
is  due  to  the  area  of  the  piston  multiplied  by  the  pi-essure,  and  as 
neither  the  steam  pressure  nor  the  piston  area  can  be  varied,  the 
power  exerted  is  always  constant.  Immediately  steam  enters  the 
piston  such  power  is  applied  to  the  brake-strap,  the  I'esult  being 
that  when  a  steam-bi'ake  is  thrown  into  action  the  machinery  is 
subjected  to  very  sevei*e  nhocks,  and  consequently  such  appliances 
are  only  used  in  cases  of  emergency.  As  a  rule,  winding  engines 
ai-e  provided  with  two  hraket^,  one  applied  by  the  engineman'a 
foot,  and  the  other  by  steam,  the  latter  only  being  used  on  rare 
occasions.  Several  devices  have  been  designed  to  increase  the 
power  and  leverage  of  foot  brakes!,  and  to  do  away  with  those  (£ 

Bam'e  Srake. — The  brake-strap  does  not  encircle  the  drum, 
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but  consists  of  a,  block  of  wood  (B,  Fig.  305),  about  24  in.  long  by 
6  in.  broad,  in  which  a  series  of  holes  are  bored  and  Glled  with 
saed.  This  block  of  wood  is  placed  at  one  end  of  a  long  lever, 
the  other  end  being  moved  up  and  down  by  a  rod  connected 
to  the  arm  of  another  lever  controlled  by  the  engiueinan.  The 
block  being  email  in  area,  and  fitted  to  the  rim  of  the  drum,  only 
requires  a  very  fimall  movement  to  free  itself,  and  the  length  of 
the  lower  \es-er  being  nearly  equal  to  the  length  of  the  engines. 
Lit  follows  thut  a  large  amount  of  power  can  be  applied.     At 

Fio.  305. 


Bickerahaw  Colliery,  Lancashire,  the  leverage  is  about  200  to  1, 
and  as  there  are  two  blocks  on  each  drum  the  power  exerted  by 
the  engincmanis  multiplied  to  a  great  extent.  The  action  of  the 
sand  in  the  holes  is  to  keep  the  brake  rim  free  from  grease.  By 
the  aid  of  an  adjusting  screw.  A,  the  brake  can  be  tightened 
in  a  few  minutes  and  any  wear  taken  up  in  the  blocks,  which 
are  ueually  renewed  about  every  four  months. 

Tyldegley  Colliery. — A  pair  of  32  in.  cyUnder  engines  are  here 
fitted  with  a  powerful  strap-brake,  moved  by  a  toggle-joint  lever. 
The  engineman  exei-ts  pressure 

through    his    foot-treadle    in  Bio.  306. 

the  direction  of  the  arrow  W 
(Fig.  306),  pulLs  down  the 
liell  crank  lever,  ABO, 
moves  the  toggle-joint,  D  E  F, 
and  givoe  motion  to  the  lever,  , 
F  G  H,  working  about  the 
centre,  G,  the  end,  H,  being  1 
attached  to  the  strap  going 
half  round  the  brake -ring  on  the  drum.  The  direction  of  motioa 
in  each  part  is  shown  by  the  arrowi^,  and  as  the  engineman  puts 
OQ  the  brake,  the  toggle-joint,  D  £  F,  forms  a  straight  line.  At 
the  instant  this  tokee  place  the  pressure  exerted  beoomee  infi- 
nitely large.     B,  D  and  G  are  the  only  fixed  points. 

Pasfidd't  Brake. — To  obtain  the  power  of  a  steam-brake,  and 
yet  remove  the  difficultiee  previously  refen'ed  to,  Mr.  T.  PasfieM  • 
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lias  designed  a  special  valve  and  gearing  (Fig.  307),  which  allow? 
any  variation  of  power  to  be  opplied,  aa  the  pressure  of  Bteom  in 
the  hrake-cvlluder  is  made 
Fju.  .107.  to  increofie  and  decrease  in 

pi'oportion  to  the  amount 
of    force   exerted    by  the 
engineman    on    the    con- 
^  ifirnOB  trolling  trend  I  e.     The  pas- 

"r  £  \^^^  f^r^  s*g^i    ^i    leftds    into     the 

I  ^l^^=Lferaa  cylinderof  thesteam-bi'SLke, 

which  is  fitted  with  a  piston 
and  piston-rod,  the  latter 
""'  heing  connected  by  a  hnk 
to  the  lever  applying  the 
brake.  Steam  is  lulmiited 
on  one  side  of  the  piston 
only,  itnd  enter.sand  leaves 
tlie  cylinder  by  the  same 
pdssage.  The  valve-bos, 
a,  is  fitted  with  two  valves, 
b  and  c,  both  connected 
by  gearing  to  the  lever  to 
which  the  foot-treadle,  /, 
is  attached,  and  controlled  by  the  link,  e.  The  valve,  b,  which 
admits  steam  through  the  passngc,  7,  is  kept  cloBed  by  a  spring,  d, 
which  just  balances  it  against  the  steum  in  the  boiler.  The  rehef 
valve,  e,  unless  the  brake  is  in  nction,  is  in  equilibrium,  free  to 
open  or  shut. 

When  the  treadle  is  pressed  down,  the  steam-valve  is  relieved  of 
some  of  the  pressure  which  keeps  it  closed,  and  steam  enters  the 
cylinder  until  its  pressure  is  sufiicient  to  again  close  the  valve 
against  the  force  exerted  by  the  treadle,  so  thttt  the  greater  the 
force  exerted  on  the  treadle,  the  gi-eater  the  pi'es-sure  must  the 
steam  reach  before  it  closes  the  steam-vulve.  At  the  same  time, 
as  the  treadle  relieves  the  steam-valve  of  some  of  the  spring 
pressure  which  tends  to  close  it,  it  brings  an  equal  force  to  bear 
on  the  relief-valve,  c,  to  keep  it  closed  ;  any  increase  of  steam 
pressure  in  the  cylinder  beyond  that  intended  at  once  escapes 
through  the  relief-valve.  Thus,  if  the  force  exerted  by  the  treadle 
to  relieve  the  steam-valve,  is  to  the  extent  of  what  amounte  to 
one  or  two  lbs.  per  sq.  in,,  the  steam-valve  admits  steam  into 
the  cylinder  until  the  pressure  there  is  one  or  two  lbs.  per  sq. 
in.,  a*  the  oaae  may  be,  and  then  closes.  The  treadle  at  the  same 
time  exerts  sufiicient  force  to  keep  the  relief-valve  closed  until 
the  steam  in  the  cylinder  has  reached  the  one  or  two  " 
and  then  allows  anything  beyond  that  to  escape. 

Countarbalanomg. — With    an    ordinary  cylindrical    dram, 
unless  some  means  are  taken  to  counterbalance  the  weight  of  the 


rope  hanging  in  the  ehaft,  tlie  engine  is  subjected  to  an  enormous 
variation  in  the  load,  especially  in  deep  shnfts.     If 

ifl=w^glit  of  OBgo  and  einplj  tubB  =  6z7o  lbs. 

c  =  weight  of  oonl  "^  4480 11)3, 

r  =  weight  of  rope  hanging  down  pit  =  6000  Ibg. 

At  the  coraraenceraent,  when  the  empty  cage  ia  at  the  top  of 
the  pit,  the  weight  to  be  lifted  will  be : 


In  the  centre  of  the  run,  half  r  would  have  been  added  to  the 
descending  load  and  subtracted  from  the  ascending  one  j  the  weight 
on  the  engine  is,  therefore : 


At  the  end  of  the  wind  all  the  rope  is  acting  in  favour  of  the 
ending  cage,  and  the  weight  on  the  engine  becomes : 


(„  +  «)_(„+,)  o 
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During  the  complete  operation  the  load  varies  from  10,480  lbs. 
against  the  engine  to  1520  lbs.  in  favour  of  it.  At  the  commence- 
ment of  Trinding  the  engine  wastes  a  great  deal  of  energj 
setting  this  mass  into  motion,  and  as  speed  is  the  main  object,  the 
engineman  cannot  cut  off  steam  when  most  desirable,  but  must  go 
on,  and  finally  has  to  reverse  the  engines  in  order  to  bring  them 
to  rest.  An  enormous  amount  of  energy  is  therefore  lost  in  the 
latter  port  of  the  run,  and  such  loss  obviously  increases  with  the 
depth  of  the  pit. 

Supposing,  now,  that  by  one  of  the  methods  of  counter- 
balancing, the  weight  of  the  rope  hanging  dovm  the  shaft  was 
balanced.  If  this  new  factor  be  denoted  by  r',  the  weight  to  be 
lifted  at  the  com  men  cement  of  the  run  will  be : 


^id 


(iiT+<+f)-(w+r')  or448olbi. 
the  centre  of  the  wind  it  will  be : 


(^+e+0-("'  +  '')  or44Solbs. 


The  weight  thus  not  only  remains  constant,  but  is  oonnderably 
smaller  at  the  beginning  than  in  the  other  case.  This  reasoning 
will  be  clearly  understood  if  it  is  remembered  that  for  every 
decrement  in  r,  an  equal  increment  of  r'  is  added,  and  as  these 
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two  forces  are  equal  sad  opposite  at  the  beginning,  they  will 
oecesearily  be  so  &t  the  conclusion. 

Having  thus  proved  the  great  advantage  of  counterb&lancing, 
the  means  by  which  sncb  b  secured  may  now  be  considered. 

Tap«ring  Ropu. — A  tapering  rope  enables  winding  to  take 
place  from  greater  depths  than  is  possible  with  ropes  of  uniform 
eection  ;  the  theory  of  taper  ropes  is  to  obtain  uniform  strength 
throughout,  thinner  at  the  cage  end  where  the  weight  is  least, 
and  thicker  at  the  drum  end  where  it  is  greatest.  Their  thickness 
ie  such  that  the  section  at  any  part  is  capable  of  safely  bearing 
the  load  on  it  at  such  point.  With  tapering  rop€«,  a  smaller 
initial  dead  weight  is  thrown  on  the  engine,  as  their  secttoa 
at  the  largest  point  will  be  less  than  that  of  a  rope  of  uniform 
section  throughout,  because  a  smaller  weight  him  to  be  supported. 
The  difference  between  the  initial  and  final  load  is  also  smaller, 
but  it  increases  more  rapidly,  because  the  larger  diameter  is 
wound  on  the  drum  in  the  ascending  portion,  while  in  the 
descending  portion  the  larger  section  is  being  unwound.  These 
ropes  coat  more  than  ordinary  ones,  and  owing  to  the  difficulty  of 
manufacture  cannot  be  made  eo  perfect. 

Flat  Ropea. — This  means  of  winding  allows  of  a  certain  equali- 
sation, for  the  radius  of  the  coil  of  the  a^<ceading  rope  continues  to 
increase,  while  that  of  the  descending  rope  dimioishee;  conse- 
quently, afi  the  resistance  decreases  in  the  ascending  load,  the  lever- 
age increases,  and  asthe  power  increases  in  the  other,  the  leverage 
diminishes.  The  variation  in  the  leveiuge  is  a  constant  quantity, 
and  is  equal  to  the  thickness  of  the  rope.  Tf  the  diameter  of  the 
drum  be  made  small  enough  at  the  commencement,  a  remarkable 
uniformity  in  the  load  may  be  obtained,  the  only  objection  being 
the  use  of  flat  ropes. 

Conieai  and  Spiral  Drums. — Results  analogous  to  the  pre- 
ceding may  be  obtained  by  using  round  ropes  coiling  on  conical 
drums.  1'hey  may  be  either  smooth,  the  successive  coils  lying  aide 
by  side,  or  may  be  provided  with  a  spiral  gi-oove.  If  a  conical  drum 
was  constructed  to  give  perfect  equalisation,  the  sides  would  be  so 
steep  that  the  rope  would  slip  ofi*.  For  such  reason  scroll  drums 
were  designed,  which  are  open  to  the  objections  already  stated. 
In  addition,  the  load  is  seldom  perfectly  counterbalanced.  To 
obtain  satisfactory  wear  from  a  round  rope,  it  must  he  coiled  on  a 
drum  of  large  diameter.  Such  condition  limits  the  size  of  the 
smaller  diameter,  which  is  usually  made  so  large  that  if  the  final 
diameter  was  of  the  proper  dimensions  to  give  peifect  oounter- 
balancing,  the  size  of  the  drum  would  be  enormous.  For  this 
reason,  and  to  prevent  the  great  lateral  displacement  of  the 
winding  rope  from  the  centre  line  of  pulley,  owing  to  their 
ne(«searily  large  width,  such  drums  are  usually  made  for  several 
ooils  to  take  place  on  the  spiral,  and  the  remainder  on  the  fiat. 

Tail    Rope  beneath    Cages. — With  cylindrical   drums,   perfect 
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munterbnlnDring  can  be  secured  by  aeveral  methods,  but  all  have 
given  way  to  the  eudlesa  rope  system,  which  is  preferable  to  all 
others  H  the  shaft  is  free  from  cross-timbers.  It  consists  of 
placing  beneath  the  cages  a  tail  rope,  equal  ia  diameter  to  the 
winding  rope,  and  after  conveying  this  down  the  pit  into  the 
eump,  where  It  forms  a  loop,  it  is  returned  and  attached  beneath 
the  other  cage.  "When  first  introduced,  it  was  considered  that 
a  pulley  must  be  placed  in  the  sump  for  the  tail  rope  to  pass 
round,  such  pulley  remaining  stationary  under  ordinary  con- 
ditions, but  free  to  move  between  guides  and  be  lifted  out  of  its 
bearings  in  case  of  accidents.  In  the  majority  of  caaes  no  pulley 
whatever  is  used.  All  that  has  to  be  done  to  keep  the  tail  rope 
from  twisting,  is  to  fijc  two  beams  side  by  side  across  the  pit  in 
the  sump,  between  which  the  tail  rope  passes,  and  another  one 
below  put  across  in  the  opposite  direction,  the  latter  passing 
through  the  loop  in  the  rope. 

It  is  perhaps  preferable  to  use  a  guide  pulley  in  the  sump,  as 
old  winding  ropes  can  then  be  used,  otherwise  a  special  rope  has 
to  be  employed,  as  old  windieg  ropes  are  not  sufficiently  flexible. 
The  balance  rope  is  connected  to  the  bottom  of  the  cage  by  an 
ordinary  capping  and  bolt  passing  through  a  cross-bearer. 

By  this  system  perfect  counterbalancing  is  obtained,  as  a  factor 
is  introduced  equal  and  opposite  to  the  winding  rope,  and  gives 
equality  at  the  beginning  and  the  end.  The  one  solitary 
objection  urged  against  it,  is  that  a  greater  weight  is  put  on  a 
tender  part  of  the  winding  rope — viz.,  the  capping,  but  if 
properly  constructed  and  put  on,  the  capping  is  quite  as  strong  as 
the  winding  rime  itself. 

Meinickit  Syatej7i.*^A  balance  rope  is  employed  in  this 
method,  bub  instead  of  attaching  it  beneath  the  cage  it  is  connected 
to  two  auxiliary  ropes,  which  may  either  be  coiled  on  the  same 
drum  as  the  winding  rope,  or  on  auxiliary  ones.  The  auxiliary 
rope  passes  over  separate  piilleys  on  the  head-gear,  and  the  balance 
rope  is  equal  to  the  weiglit  of  both  the  winding  and  auxiliary 
ropes.  Perfect  counterbalancing  results,  and  no  additional 
weight  is  thrown  on  the  capping  of  the  winding  rope.  This,  in 
conjuDctioa  with  the  fact  that  the  balance  rope  may  be  led  into 
any  position  in  the  shaft  and  boxed  aS,  are  the  advantages,  but 
as  it  is  much  more  complicated  than  a  tail  rope  beneath  the  cages, 
the  latter  seems  preferable. 

Expanaion. — For  economical  working  steam  must  be  used 
expansively.  With  a  continuously  running  engine  there  is  no 
difficulty  in  doing  so,  but  in  the  case  of  an  intermittently  running 
engine,  working  under  the  conditions  which  exist  in  winding, 
the  problem  ia  not  so  easy.  As  before  remarked,  everything  is 
eacriflced  to  speed.     It  is  essential  that  the  engine  should  start 
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qokklf,  should  tnvel  at  a  high  vtAoatj,  and  be  qoH^y  brongbt 
to  Kst ;  it  is  also  essential  tint  tb«  engtoeioan  should  be  capable 
of  potting  either  foil  steam  on  «r  against  the  engine,  whenever 
re4)iiired,  and,  aboTe  all,  the  yw'^'Tf"  ehoold  be  simple.  Under 
these  conditions,  i^nlar  ezpaoEion  is  quite  out  c4  the  que^on. 
Of  late  jeara  semal  moat  ingenious  antomatic  variable  expansioD 
gears  luve  been  deeigned,  which  give  cati-sfactory  results.  They 
ai«  BO  arranged  that  at  the  beginning  of  a  wind  the  engine 
lakes  fnll  st«ain,  and  they  only  come  into  operation  when  the 
machinery  has  attained  its  maximum  .ipeed.  The  genetal  typ« 
consist  of  "  trip  gears,"  that  is  to  say,  by  some  arrangemeDt  the 
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valve  is  made  to  tiip  off  the  Ufting  lever,  and  close  before  the 
completion  of  the  stroke. 

Mutgrave  Gear. — In  Fig.  308,  A  is  the  spindle  of  an  ordinary 
Cornish  valve  fittnd  with  a  dush-pot,  O,  at  its  upper  end.  With 
ordinary  gear,  the  valve  would  be  lifted  by  the  lever  B  catclung 
the  projection  C,  but  beie  a  bell  cmtik  iever,  D  E, capable  of  turn- 
ing about  the  centre,  F,  is  interposed  between  the  two  pieces. 
Fastened  to  the  upper  end  of  the  frame  carrj-lng  the  valve  is  a  pic, 
G,  and  spindle,  H,  on  which  is  keyed  an  eccentric,  K.  By  means 
of  the  link,  L,  and  the  rod,  M,  a  rotary  motion  can  be  given  to  the 
eccentric  about  its  axis,  H.  At  the  beginning  of  a  wind,  the 
lever  B  (moved  by  the  eccentrics  of  the  engine  in  the  ordinary 
manner)  raises  the  valve  through  the  bell  crank,  the  spindles 
rising  and  falling  with  the  lifter,  as  if  no  expansion  gear  was 
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'present.  As  speed  increases,  the  rod,  M,  which  is  in  connection 
with  the  governor,  JB  moved  in  the  direction  shown  by  the  arrow, 
turns  round  the  eccentric,  K,  and  depresses  the  t»nd,  D,  of  the  bell 
erank.  The  lifter,  B,  then  trips  off  the  other  end,  E,  of  the  bell 
craak,  and  allows  the  valve  to  close  suddenly,  any  injurious  ebock 
being  prevented  by  the  dash-pot,  0.  The  lifter,  B,  continues  it« 
apward  journey  without  the  valve,  and  on  itsretum,  the  spring,  N, 
pushes  the  bell  crank  into  gear  again.  Fig.  309  shows  tbe  altach- 
ment  of  tbe  gear  to  the  engines.  It  is  worked  by  a  dead 
weight  governor,  a,  driven  by  a  strap,  b,  fi'om  the  drum  shaft,  e. 

In  the  case  of  a  new  installation,  it  is  only  iiecesiiary  that  the 
mnximum  speed  at  which  the  engines  are  to  run  shall  be 
detennined,  and  then  by  a  proper  relation  between  the  pulley  on 
tbe  drum  ehaft,  and  the  pulley  on  the  governor,  the  point  of  cut- 
off can  be  readily  fixed.  This  gear  has  been  applied  in  numerous 
instances  to  winding  engines,  and  the  author  han  inspected  its 
working  on  several  occasione.     At  Tyldesley  Colliery,  Lancashire, 


Fig.  309. 


the  drum  makes  twenty  revolutions,  and  a  cut-ofi^  of  Jtli  com- 
mencee  at  the  fourth  revolution.  The  gear  does  not  come  into 
opei'ation  until  the  maximum  speed  is  obtained,  and  is  thrown  out 
of  action  by  the  governor  towards  the  end  of  the  wind,  when  speed 
falls.  Its  advantages  are,  that  it  has  no  complicated  parts,  is  out 
of  the  engineman's  way,  and  comes  in  and  goes  out  of  action  with- 
out interfering  with  any  of  the  parts  handled  by  him,  and,  at  the 
eame  time,  allows  full  pressure  of  steam  at  the  beginning 
and  end  of  a  wind,  or  at  any  other  desired  point  during  the  ascent 
or  descent  of  the  cage  ;  indeed,  so  far  as  the  engineman  is  concerned, 
be  is  in  just  the  same  condition  as  if  the  gear  were  absent. 

G-range  Gear. — A  gear  is  applied  by  the  Grange  Iron  Co.,  which 
is  similar  both  in  principle  and  action  to  tbe  one  just  described, 
and  gives  tbe  some  results.  The  only  difference  is  in  the  arrange- 
ment of  the  parte.  The  lifter  raises  the  valve  through  a  curved 
rocking  lever,  under  one  end  of  which  a  sliding  wedge  is  either 
pushed  or  withdrawn  by  a  combination  of  levers  moved  by  a 
governor.  When  the  wedge  is  pushed  under  one  end  of  the 
rocking  lever  (which  takes  plaee  when  the  maximum  speed  ia 
obtained),  the  lifter  drops  off  the  othei'  end,  and  allows  the  valv* 
to  close  al  Bome  intermediate  point  in  the  length  of  the  stroke. 


I 


I 


360 


TEXTBOOK   OF  COAL-MINING. 


no.  310. 


<f>t<lerr  Grar. — This  arrangemeiit  has  been  applied  to  nmnj 
engines  on  the  Oontineint,  and  is  most  ingemoas,  although  tather 
com  phcat«i1.  Fig.  3 1  o  is  a  diagrammatic  eket«b.  The  shaft,  a,  m 
driven  by  bevel  geariag  from  the  crank  abaft,  and  revolves  at  the 
Eame  speed.  On  it  ate  keyed  tno 
eocentrica,  only  one,  that  working 
the  ateam  valve,  beiuf^  shown  in 
the  sketch.  By  the  revolution  uf 
the  spindle,  a,  a  motion  to  anil 
fro  in  the  direction  of  its  len^ 
13  given  to  the  eccentric  rod,  h  e. 
As  this  falls,  it  catches  a  projec- 
tion, d,  on  the  bell  crank  tenr, 
e/gh,the  fixed  points  of  which 
■  ate  e  and  ft,  and  the  valve  «ipic<Ue 
is  lifted.  On  a  second  shaft,  i. 
is  fixed  an  eccentric,  which  can 
be  rotated  by  the  governor  in  the 
direction  indicated  by  the  arrow.  The  rod  of  this  eccentric  ti 
Connect«d  by  a  screw  to  £  c.  In  ordinary  working,  the  apparatus 
Btands  Be  shown  in  the  sketch,  and  the  valve  bregulorly  closedand 
opened.  When  speed  increiu>es,  the  apindio,  k,  and  ita  ecoenlzicia 
rotated,  and  the  Imr,  b  e,  pushed  outward,  with  the  result  that  the 
pi-ojection  e  trips  off  d,  and  expansion  reaulfa. 

Condensation. — Expansion  to  obtain  the  beet  results  mnst 
bo  ill  combination  ivith  condeoeation,  except  where  very  h^gb 
pre^ureR  are  used.  Unless  oondenEation  is  employed  the  mtio  of 
expansion  can  only  be  small,  because  the  exhaust  steam  must 
have  a  pressure  greater  than  the  atmosphere.  No  satisfactoty 
soltition  of  the  problem  was  obtained  owing  to  the  complication 
reRulting,  until  the  idea  of  using  independent  condensers  was 
ai>plied. 

An  independent  condenser,  as  its  name  implies,  is  not  fixed  to, 
or  moved  by,  the  engine  or  engines  whose  steam  it  condenses,  but 
is  worked  entirely  by  an  engine  of  its  own.  To  be  a  success,  it 
should  take  steam  from  several  engines,  and  run  continuouglr. 
"With  it  a  constant  vacuum  is  always  retained.  Alany  such  appli- 
ances are  in  use,  but  it  can  scarcely  be  said  that  any  are  working 
perfectly  satisfactorily,  although  many  are  giving  good  results, 
The  chief  difficulty  seems  to  be  to  deal  with  the  enormous  volume 
of  steam  which  comes  from  the  winding  engine  at  intermittent 
times.  Winding  engines  ate  necessarily  large,  and  run  rapidly, 
so  that  when  they  are  moving,  especially  if  expansion  is  not  used, 
the  volume  of  steam  discharged  is  very  large,  far  more  so  than  is 
general  with  continuously  running  engines.  The  condenser,  thei-e- 
fore,  has  a  difficulty  in  dealing  with  these  sudden  rushes,  Another 
point  is,  that  either  a  large  quantity  of  water  must  be  available, 
or  some  means  iuti-oduced  for  cooling  it.     At  Auzin  Colliery  the 
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'hot  water  from  the  oondenser  19  coolod  by  being  pumped  to  the 
top  of  a  wooden  frame  and  then  allowed  to  fall  thiMugh  the  air. 
A  se«-ie9  of  horizontal  trays  composed  of  brushwood  are  arranged 
i>eDeath  each  other,  and  the  water  in  falling  from  one  to  the 
other  ia  split  up  into  small  drops,  thereby  lai'gely  increasing  the 
cooling  surface. 

An  instance  of  the  work  such  an  apparatua  may  do  is  supplied 
by  an  independent  condenser  and  aii^pump  at  Bickershaw  Colliery, 
which  is  kept  continuously  working  by  a  subsidiary  engine.  It 
1»,kes  steam  from  two  pairs  of  hauling  engines,  hanog  16  in.  cyl, 
by  3  ft.  stroke,  from  a  fan  engine  with  20  in.  cyl,  by  5  ft.  stroke, 
nnd  from  a  pnir  of  30  in.  cyl.  by  6  ft.  stroke  winding  engines,  and 
maintains  a  constant  vacuum  of  10  lbs. 

Compound  Engines. — Most  ecooomicol  results  are  obtained  by 
wfa.at  is  known  as  compounding  engines — that  is  to  say,  the  engine 
is  supplied  with  a  high  and  a  low  pressui'o  cylinder,  and  espansion 
taJces  place  in  each.  The  st«am  from  the  high  pressure  cylinder 
piuues  into  the  low  pressure  one.  The  object  of  using  two  cylin- 
<lei's  is  to  obtain  a  higher  degree  of  expansion  than  could  Uika 
place  in  a  single  cylinder,  with  good  results,  as  the  difference 
between  the  initial  and  final  temperature  of  the  steam  would  be 
too  great.  A  pair  of  compound  engines  would,  therefore,  contain 
four  cylinders, and  us  simplicityis  essential  in  winding  machinery, 
such  type  has  never  met  with  favour. 

Quite  recently,  however,  it  has  been  suggested  that  winding 
engines  should  be  constructed  in  pairs  as  before,  but  instead  of 
both  cylinders  being  high  pressure  ones,  one  should  be  high 
pressure  and  the  other  low  pressure,  steam  passing  from  the 
former  into  the  latter.  This  is  the  type  known  as  the  twin 
compound,  but  the  difficulty  encountered  with  it  was  that  some-  , 
Umee  it  could  not  be  got  to  start.  Such  failing  was  fatal  to  any 
application  for  winding  purposes,  iis  engines  of  such  description 
Kre  practically  doing  nothing  else  but  starting  and  stopping. 
The  first  solution  of  the  question  was  obtained  by  Mr.  \Vm. 
Galloway  at  Llanbradach  Colliery.*  Successful  working  followed 
on  the  introduction  of  a  reducing  valve  between  the  steam  pipe 
leading  from  the  boiler  to  the  high  pressure  cylinder  and  the  pipe 
connecting  the  high  and  low  pressure  cylinders,  regulated  in  such 
a  manner  as  to  maintain  the  pressure  in  the  intermediate  pipe, 
when  the  engine  tooM  not  at  work,  as  nearly  as  possible  nt  the  siuue 
average  as  the  steam  in  that  passage  would  naturally  assume 
when  the  engine  was  working.  In  order  to  limit  the  qtiautity  of 
Bteam  passing  through  the  reducing  valve  to  the  smallest 
qmuitity  necessary  to  accomplish  the  object  in  view,  a  screw  stop- 
valve  wM  introduced  in  the  pipe  connecting  the  reducing  valve 
with  the  high  pressure  steam  pipe,  and  a  steam  pressure  gauge  on 
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the  intermeJiate  pipe  itjielf,  for  the  parpoee  of  enabling  I 
reducing  valre  to  be  properly  regulated. 

Spooial  VLetbodB.—Bla^-cArl't  Pnemnatie  SytUm* — The  em- 
ployment of  rouod  ropes  is  limited  to  a  certain  depth,  aa  a  point 
is  reached  beyond  wluch  they  will  not  support  their  own  weight. 
Taper  ropes  have  theoretically  no  socb  limit,  but  practically  they 
have,  owing  to  the  method  of  construction.  To  dispense  with 
ropes  altogether,  Mr.  Blancbet  successfully  applied  at  £pinac, 
France,  the  principle  of  the  pneumatic  tube. 

The  Hottinguer  shaft  naa  intended  to  reach  I  too  yds.,  but> 
unfortunately,  after  atttuning  711  yds.  no  workable  coal  was 
found,  and,  although  tho  pneumatic  i^stem  has  been  used  for 
wiuding  on  a  email  scale,  it  was  never  carried  out  in  its  eatiret)'; 
but  sufficient  experience  was  gained  to  prove  that  the  idea  could 
be  a  practical  siiccees.  At  the  same  time,  the  results  did  not 
ahow  that  it  was  superior  in  economy  to  the  system  of  employing 
ropes,  if  counterbalaucing  be  adopted.  The  expen-se  of  the 
installation  was  enormous.  One  tube  63  inches  diam.  and  about 
i  in.  thick  waa  placed  in  the  shaft. 
It  was  made  up  in  about  30  ft. 
lengths  riveted  together  with  butt- 
jointK  and  counter-sunk  rivets.  At 
first,  it  was  thought  that  the  tube 
would  have  to  be  bored,  but  such 
was  found  to  be  uDnece&stur, 
although  each  length  was  liom* 
mered  to  a  perfectly  cyUndrical 
foiin  upon  a  mandril.  A  diagmm- 
matic  I'epresent^tion  of  the  scheme 
ifl  given  in  Figs.  311  and  312,  the 
former  showing  the  cage  at  the 
bottom  of  the  sliaft,  and  the  latter 
at  bank. 

The  piston  is  made  in  two  parte, 
one  at  the  top  of  the  cage  and  the 
other  at  the  bottom,  while  the  former 
is  subdivided  into  two  portions, 
placed  at  such  a  distance  apart  that 
'4'y  J    L       '~f^  '"  passing  the  doors  through  which 

jtJi^fcL  tx-t  t^^  t"^  A^^  changed,  one  of  them 

=2S!{^_,2&_  \t  sh-ill  always  be  in  an  uncut  position 

of  the  tube  ;  this  ensures  the  preg- 
ing  constant  when  the  piston  passee  the  doors.  The  lower 
part  of  the  piston  below  the  cage  carries  a  pai'aehute,  p.  The 
cage  holds  9  tubs,  one  above  the  other ;  the  load  of  coal  carried  is 

•  T^hf  aUao^lttric  rfu  pnili  Bollingiier.  Z.  Blanchel,  Soc.  Ind.  Min. 
(i»  SeiieJ,  iv.  5^7  and  vii.  273;  T.  W,  Bunning,  N.  E.  I.  niiL  81. 
Autimaftc  MoUUng.     H.  A.  Wbeelcr.     Amer,  Inst.  M.E.  xii.  107. 
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^5  toQB ;  and  the  total  weight  of  the  pieton,  cage,  tub?,  and 
coal  is  about  1 2  tons. 

When  the  air  is  eshausted  above  the  piBton,  the  latter  commences 
to  ascend,  while  for  descent,  exhaustion  is  stopped,  its  connection 
with  the  exhaust  engine  severed  by  means  of  doors  at  C,  and  air 
allowed  to  pass  upon  the  top  at  the  piston  through  the  regulator, 
c.  To  remove  the  tubs  from  the  cage  three  double  doors,  /,  are 
provided  in  the  tube,  both  at  the  top  and  the  bottom,  these  cor- 
responding to  three  levels  of  the  heapstead.  Three  movements  of 
the  cage  toke  place  to  change  the  nine  tubs,  and  to  keep  it  steady 
while  such  is  proceeding,  three  double  seta  of  stops,  «'  «'  a',  are 
introduced,  and  can  be  thrust  into  the  tube  or  withdrawn  by 
means  of  one  lever.  When  the  cage  is  confined  between  stops  a' 
of  the  two  sets,  decks  r,  4,  and  7  can  be  handled,  while  if  the  cage 
be  confined  by  stops  e^  of  each  set,  tubs  3,  6,  and  9  are  discharged 

At  the  bottom  of  the  shaft,  the  eqiulibriura  pipe,  E,  goes  from 
the  bottom  of  the  tube  to  a  point  sutticiently  high  to  be  above  the 
piston  during  the  whole  time  the  tubs  are  being  changed.  When 
the  cock,  g,  in  this  pipe  is  closed,  the  pressure  of  air  on  the  bottom 
keeps  the  piston  up  against  the  top  stops,  and  when  the  cock  li 
opened,  and  the  main  inlet  and  outlet  valves,  h  and  e,  shut,  the 
air  below  is  raritied,  and  the  cage  falls  on  to  the  bottom  stops. 
At  the  pit  top,  the  two  pipes,  A  and  B,  are  provided  with  stop- 
cocks, c  and  i;  the  first  is  in  connection  with  the  atmosphere,  to 
allow  the  cage  to  descend,  while  the  latter  is  in  connection  with 
the  exhausting  engines,  and  is  used  to  move  the  cage  if  required 
while  banking  is  being  performed. 

When  the  cage  ascends,  the  doors, /,_/"  and  e,  are  shut,  but  when 

arrives  at  the  top,  it  is  made  to  stop,  first,  by  automatically 

lUtting  at  k  the  connection  with  the  exhausting  engine  at  C, 
secondly,  by  moving  the  valve  I,  and  admitting  some  air  from  the 
atmosphere,  while  if  the  accent  still  continues,  the  valve  n  is  lifted 
and  the  tube  opeued  to  the  atmosphere.  To  avoid  all  shock  when 
opening  these  valves,  the  top  pai-t  of  the  piston  carries  a  spring 
bufier,  a.  In  the  descent,  when  the  cage  arrives  near  the  point 
nhere  it  has  to  stop,  it  automatically  closes  the  escape  valve  at  n. 

The  apparatus  also  Her\'es  to  ventilate  the  mine.  During  the 
descent  of  the  piston,  the  valve  h  is  shut  and  e  opened,  and  all  the 
air  contained  in  the  tube  is  forced  to  bank,  but  during  the  ascent 
of  the  piston  the  valve  e  is  shut  and  A  opened,  so  that  an  amount 
of  air  equal  to  the  contents  of  the  tube  is  exhausted  from  the 
mine  to  be  discharged  into  the  atmo.sphere  when  the  piston 
descends. 

Eoepe  Syateni. — In  its  lightest  form  a  drum  requires  a  large 
amount  of  energy  to  set  it  in  motion,  and  an  equal  amount  to 
stop  it.  In  addition,  for  deep  shafts  the  angling  of  the  rope  with 
the  pulley  is  not  only  a  disadvantage  and  a  possible  cause  of  acci- 
dent, but  a  source  of  wear.     To  reduce  this  angling,  and  yet  keep 
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the  drum  relatively  small  in  diameter  and  in  width,  the  ascending 
rope  is  sometimea  arranged  to  coil  on  the  space  from  wliich  tbe 
descending  rope  haa  been  uncoiled.  This  is  not  often  employed. 
It  is  inconvenient  when  repairs  have  to  be  made  in  the  sJiuft  «nd 
only  one  rope  used  ;  in  ordioaiy  caaes  the  second  rope  is  coiled  on 
the  drum,  here  it  cannot  be,  as  there  is  only  space  for  one.  In 
addition,  the  wear  on  the  laggings  is  aleo  great,  and  tbe  centre 
part  of  the  drum  is  soon  cut  into  a  deep  groove. 

To  remove  the  objection  to  the  weight,  iic,  of  large  drums,  Ur. 
Fredk.  Koepe  designed  the  system  where  they  are  dispensed  with 
altogether.  The  first  application  was  made  at  Hanover  CoUiety, 
in  WestphaUa,  and  outy  briefly  be  said  to  consist  in  the  substi- 
tution of  a  single  grooved  pulley  in  place  of  the  ordinary  drum. 
The  winding  rope  passes  from 
one  cage  over  its  head-gear 
pulley,  round  tbe  "  drum,"  and, 
after  passing  over  the  other 
^^^  head-gear  pulley,  is  connected 
with  the  second  cage  (Figs. 
313  and  314).  Tbe  winding 
rope  simply  encircles  about  half 
'  the  periphery  of  the  drum,  in  the  same  manner 
as  a  driving  belt  on  an  ordinary  pulley.  There 
is  a  balance  rope  beneath  the  cages,  so  that  tbe 
armngement  may  be  likened  to  an  endless  rope, 
the  two  cages  being  eimply  points  of  attach- 
ment. The  drum  pulley  usually  consists  of  tbe 
two  outside  cases  of  an  ordinary  cylindric&l  drum, 
bolted  together  and  securing  between  them  a 
band  of  hard  wood  in  which  a  groove  is  made  te 
receive  tbe  winding  I'ope,  the  depth  of  thi> 
gi-oove  being  generally  equal  to  twice  the  dia- 
meter of  the  rope.  Instead  of  being  placed 
pitrallel,  the  head-gear  pulleys  are  angled 
towards  each  other,  with  the  object  of  re- 
ducing side  friction. 

Tbe  system  has  been  in  successful  opei-ation  dnoe  TS77,  utd 
results  show  tliat  the  single  winding  rope  lasts  more  than  twit* 
as  long  as  the  two  ropes  formerly  adopted.  Experiments  made 
have  detei-mined  that  with  a  rope  passing  only  one-half-tuni 
round  the  driving  pulley,  the  co-efficient  of  adhesion  between 
steel  ropes  and  wood  rim  is  in  practice  30  per  cent.,  which  would 
admit  of  an  excess  of  105  cwt.  being  placed  on  tbepresentascend- 
ing  load  at  Hanover  Colliery  before  any  slip  can  occur.  The  first 
application  of  this  system  in  England  was  at  Bestwood  OoUiery, 
Kottingham,"  but  after  seven  years'  working  it  was  abaiidoned  (in 
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iSgo)  owing  to  the  slip  which  took  place  when  the  winding  ropes 
were  oiled.  At  thie  colliet-y  such  slip  woe  most  objectionable, 
bciicauiie  winding  took  place  at  an  up-caet  shaft  which  was  cased 
in  all  round.  The  engineman  could  not  see  his  cages,  but  bad  to 
rely  entirely  on  the  indicator.  On  the  other  hand,  at  Sneyd 
Colliery,  North  Staffordshire,  where  the  second  application  of  this 
eystem  in  this  country  waa  put  down,  ite  working  has  been,  and 
b,  most  satisfactory. 

The  meritB  and  demerits  of  the  system  are  fully  explained  in 
an  elaborate  inquiry  by  Mr,  L.  Trasenster,"  and  lat«r  particulars 
of  the  reeulta  obtained  at  Hanover  Colliery  are  given  by  Messrs, 
Mahlet.  de  Qoumay,  and  Suisse.! 

'When,  the  cages  reach  the  landing-place  and  rest  on  the  stops, 
the  weight  is  removed  from  the  rope,  and  GuJhcient  adhesive 
power  does  not  exist  on  the  rim  of  the  motive  pulley  to  enable 
the  load  to  be  re-started.  This  can  be  guarded  against,  either  by 
dispensing  with  stops  at  the  top,  as  is  done  at  Sneyd  CoLiery,  or 
by  continuing  the  rope  post  the  cages  by  means  of  cross-heads, 
above  and  below  each  cage,  connected  together  hy  crosa-piecea 
passing  outside ;  the  bjidle  chains  are  hung  from  the  top  cross- 
head,  and  when  the  cage  rests  on  the  stops  the  weight  of  the 
winding  and  tail  rope  still  remains  on  the  motive  pulley.  This 
wan  the  arrangement  used  at  Bestwood. 

The  great  objection  to  the  Koepe  system,  and  the  cause  of 
its  abandonment  in  a  few  instances,  is  the  probability  that  if 
one  rope  broke  both  cages  would  be  precipitated  to  the  bottom. 
In  Germany  a  brake  block  has  been  placed  over  the  pulley,  which, 
in  case  of  the  rope  breaking,  is  automatically  wedged  against  the 
pulley,  and  prevents  the  rope  from  slipping. 

A  recent  installation  in  Belgium  entirely  removes  this  objection. 
Instead  of  one  rope,  two  are  employed.  The  di-um  has  two 
grooves,  and  there  are  four  Lead-jfear  pulleys.  Each  rope  passes 
from  one  cage,  over  its  head-gear  pulley,  round  one  groove  in  the 
drum,  over  the  other  head-gear  pulley,  and  back  to  the  other 
cage.  Each  rope  passes  half  round  the  drum — in  fact,  the  arrange- 
ment simply  consists  of  duplicating  the  Koepe  system.  The  only 
difi'erence  is  in  the  attachment  of  the  ropes  to  the  cage.  It  is 
obvious  that  it  would  be  a  very  difficult  mutter  to  keep  both  ropes 
exactly  of  the  same  length,  while,  if  they  varied,  and  one  became 
longer  than  the  other,  the  shoiter  rope  would  have  all  the  weight, 
and  the  longer  one  would  in  all  probability  be  thrown  out  of  the 
groove  on  the  pulley,  and  might  cause  a  serious  accident.  To 
prevent  this,  the  ropes,  instead  of  being  attached  directly,  are  con- 
nected to  a  tension  apparatus  which  distributes  the  weight  and 
puU  an  equal  quantity  on  each.     The  two  ropes,  a  a  (Fig.  315) 
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Ill*  terminnt-pii  by  an  ordinary  capping,  &  6,  through  which  is 
{vLsaeil  au  oniinarv  ch:im,  e.  Tliis  clmia  is  endless  cmd  pnsas 
round  &  polygonal  dnim,  d,  on  the  top  of  the  cage,  but  the  sides  of 
the  polyjron  are  rounded  to  fit  the  links  of  the  chain  {Pig.  3i6>. 
This  pulley  can  turn  on  an  axis,  and  readily  permits  the  rfuuo 
to  adjust  itself  to  any  variation  in  the  length  of  the  rop». 
Two  small  cross  chains, «  e,  connect  the  main  chains,  a  a,  so  that  in 
case  of  the  breakage  of  either  of  the  ropes  the  other  one  holds  the 
load;  and,  finally,  in  co^  the  chains,  a  a, should  break,  theca^ii 
supported  by  a  flat  metal  rope,  having  one  extremity  attached  l« 
the  capping  on  the  winding  rope,  while  the  other  is  connected  to 
the  cage.     Instead  of  employing  round  balance  ropes  beneath  tb* 

Tioa.  315  ADD  316. 


cagee,  two  Qat  onee  are  employed,  the  etmnds  of  each  being  Ud 
in  alternate  directions.  By  doing  this,  it  is  claimed  thrt  uj 
tendency  to  twist  is  entirely  iftr.oved. 

Prevention  of  OverwiDding. — Unfortnoately,  overwinding 
sometimes  takes  pliice,  and  the  cage  and  its  contenta  are  lifted  too 
far,  and  dashed  violently  against  the  timber  at  the  top  of  the  pit 
frame.  To  prevent  the  rope  being  brokeu,  and  the  cage  dropped 
back  again  down  the  shaft,  detaching  hooks  are  employed.  The«e 
may  be  divided  into  two  classes ;  those  which  simply  detach  the 
rope  from  the  cage,  and  those  which  detach  the  rope,  and,  at  the 
same  time,  prevent  the  cage  from  falling.  The  former  were  first 
employed,  but  as  addition^  means  had  to  be  provided  for  holding 
the  cage  when  released,  which  involved  the  introduction  of 
another  complication,  they  have  entirely  given  way  to  the  lotteTi 
where  one  instrument  serves  both  purposes. 
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There  are  man^  efficient  disengaging  appliances  in  use,  all  of 
which  perform  their  work  well,  and  onlj-  differ  from  each  othei 
in  matters  of  detail.  Perhaps  the  beet  known  onee  are  King's, 
Ormerod's,  and  Walker's.  In  all  of  them,  detachment  is  effected 
by  passing  the  rope  through  a  circular  hole  in  an  iron  plate,  or 
through  an  iron  cylinder,  the  size  of  which  is  sufficient  to  allow  a 
portion  of  the  hook  to  pass  through  in  its  working  state,  hut  not 
to  allow  it  to  fall  back  again  when  disengagement  has  taken  place. 

King's  hook  consists  of  two  outside  fixed  plates,  enclosing 
between  them  two  inner  movable  ones,  which  can  oscillate  about 
m  strong  pin  passing  through  both  plates  and  framework.  The 
upper  end  of  both  these  phites  is  made  of  uniform  width,  except 
near  the  bottom,  where  two  projections  {aa,  Fig.  317}  are  fixed, 
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which  prevent  the  hook  from  passing  entirely  through  the  hole 
in  the  disengaging  plate.  The  winding  rope  is  attached  to  the 
top  shackle,  d,  and  the  cage  to  the  lower  one,  e.  When  the  two 
movable  plates  are  placed  on  the  central  bolt,  b,  their  upper  parts 
close  in  opposite  directions  upon  the  connecting  pin  of  the 
winding  rope  shackle,  and  entirely  overlap  it,  and  in  such  position 
•re  secured  by  a.  copper  pin,  c.  In  case  of  overwinding,  when  the 
hook  passes  into  the  ring  of  the  disengaging  plate,  the  two  pro- 
jecting pieces,  a  a,  are  foi'ced  inwards,  the  copper  pin  sheared,  and 
the  jaws  at  the  top  Forcibly  separated  from  each  other,  releasing 
the  shackle  pin,  d ;  at  the  same  time  the  two  projecting  pieces  are 
forced  ontwards,/,/',  and  prevent  the  cage  dropping  back  (Fig. 
3'8)- 

Ormerodi  hook  is  very  pimilar  to  the  foregoing  one.  The  only 
objection  that  can  be  raised  against  either  of  them  is  that,  being 
constructed  of  platee,  there  is  a  considerable  amount  of  eidi 
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friction,  and  unless  they  are  regularly  taken  apart  and  oiled, 
there  is  a  probability  that  the  plates  will  lirmly  rust  together. 

Walker'*  Jtook  acta    on   an    entirely   different    principle.     In 
those  just  described,  the  weight  ia  utilised  to  prevent  displace- 
ment, while  here  the  load  isalways  endeavouring  to  cause  detad- 
ment,  but  preven[«d  from  doing  so  by  a  hoop  encircling  the  hoot 
It.i  construction  will  hs 
Figs.  319  anu  jao,     ^  understood  from  Fig.  319. 

Two  levers,  no,  are  pivoted 
about  the  centre,  b,  and 
kept  from  opening  under 
ordinary  conditions  by  the 
collar,  c,  held  in  positico 
by  the  copper  rivets,  1^ 
which  also  secure  an  addi- 
tional safeguard ,  consisting 
of  a  tongue  passing  from  one  jaw  to  the  other.  When  the  hook 
enters  the  plate,  the  collar  is  pushed  downwards,  and  the  two 
I'ivets  sheareJ ;  the  ujipei'  part  of  the  jawa  open,  release  the 
winding  shackle,  and  lock  the  suspension  jawa  on  the  disengnging 
plate  (Fig.  320). 

Safety  Cafffs.—The  apparatus  just  described  do  not  safegnacd 
the  cage  in  the  event  of  the  rope  breaking.  To  perform  this 
opemtion,  innumerable  devices  have  been  designed,  none  of  whidi 
have,  however,  met  with  permanent  auecess  in  this  country, 
although  many  are  working  on  the  Continent.  These  safety 
cages  usually  depend  on  the  action  of  a  grip,  which  is  kept  amy 
from  the  guides  so  long  as  the  weight  of  the  cage  is  borne  l^ 
the  rope,  but  immediately  fracture  occurs,  a  spring,  which  h«i 
been  kept  in  cumpression,  is  released,  and  the  grips  clutch  tb 
guides  and  prevent  falling.  The  objectious  to  such  applianM 
are  numerous.  At  moderncollieries,  the  velocity  of  the  descendioi 
cage  approaches  that  of  a  falling  body,  and  there  is  always  » 
danger  of  such  appliances  coming  into  action  when  not  wanted. 
Then  again,  the  result  of  suddenly  stopping  a  cage  travelliiig 
at  such  a  speed  would  be  that,  unless  the  Rafety  apparatus  wu 
exceedingly  strong,  in  all  probability  it  would  break  and  release 
the  cage,  while  if  it  was  strong  enough,  perhaps  the  guide 
ropes  would  be  broken.  In  either  case,  if  men  were  travelliDg 
in  the  cage,  the  probabilities  are  that  the  shock  would  be  w 
great  that  they  would  be  thrown  out;  indeed,  instances  are  on 
record  where  with  a  detacliiug  hook  the  velocity  of  the  aecending 
cage  has  been  so  great,  when  detachment  has  taken  place,  that  men 
have  continued  on  in  obedience  to  Newton's  first  law  of  motaon, 
and  have  been  seriously  injured  by  being  dashed  violently  against 
the  top  of  the  cft^,  even  after  the  latter  had  stopped.  The  best 
safeguard  against  ropes  breaking  is  to  employ  none  but  those  tf 
the  very  best  quality,  and  to  give  them  careful  treatment  and 
regular  and  efficient  inspection. 
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Avtomat'U!  Contrivaneet. — Detaching  hooka  do  not  prevent 
overwinding;  they  only  reduce  the  damage  done,  and  oft«Q 
prevent  loss  of  life.  Jn  addition,  they  do  not  Rofeguard  the 
descending  cage.  Two  classes  of  automatic  contrivances  are  used. 
In  one,  some  projecting  lever  ia  fixed  abo%-e  the  pit's  mouth, 
which  when  ptrnck  by  the  cage,  puts  on  a  bi-ake ;  those  are  not 
any  more  effective  than  disengaging  hooks,  as  they  come  into 
operation  too  late.  In  the  other  type,  an  instrumeut  is  so 
arranged  that,  providing  the  engineman  shuts  off  steam  at  the 
proper  moment,  he  is  in  exactly  the  same  position  as  if  no  such 
appliance  existed,  as  it  does  not  come  into  action ;  but  if  at  a 
determined  point  in  the  wind  the  speed  is  greater  than  it  should 
be  at  that  point,  the  steam 

ia  cut  ofl'  from  the  engine,  j-jq    ,,, 

and  a  brake  applied. 

The  View. — In  thia  appli- 
ance, which  has  been  in  use 
by  the  Wigan  Coal  and  Iron 
Co.  for  some  time,  a  shaft, 
E  (Fig-  321),  carrying  two 
beaked  cnmB,  E',  performs 
one  revolution  to  each  wind, 
such  motion  being  obtained 
by  the  bevel  gearing  and 
endless  screw,  shown  at  D 
and  D*.  At  each  side  of 
thia  cam  is  a  tappet,  F, 
which  is  engaged  by  one  of 
the  beaks,  if  the  engine.s 
are  going  beyond  the  propter 
speed,  such  engagement 
being  performed  by  the  aid  of  the  governor  and  levere,  H  and  G'. 
TJaually  two  governors  are  provided,  weighted  for  different  speeds. 
What  takes  place  ia  as  follows :  when  the  engine  ia  travelling  at 
high  speed,  the  rise  of  the  governor  lifts  up  the  lever,  H,  and  throws 
the  two  tappets,  F,  into  the  path  of  the  beaks,  E',  on  the  revolving 
shaft,  E.  If  the  speed  decreases  at  the  proper  moment  towards 
the  end  of  the  wind,  the  governor  falls  and  throws  back  the 
tappets,  F,  consequently  the  appliance  does  not  come  into  action, 
but  if  the  engines  are  travelling  above  their  proper  speed,  one  of 
the  beaked  cams  catches  the  tappet,  F,  and  raises  it ;  the  arms,  F', 
cross  head,  F*,  and  bar,  F°,  are  raised  alao,  and  the  pawl,  0,  dis' 
engaged  from  the  cat«h  bai',  B'.  Immediately  this  takes  place, 
the  brake  is  applied  and  steam  shut  off.  A  somewhat  similar 
applioQoe  has  been  designed  by  Mr.  0.  H.  Cobbold,*  which  also 
acts  through  a  governor. 

Orwvmitia  Apparatus-^ — Both  the  appliances  just  described  are 
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open  to  the  objection  that  the  engine  receivee  a  great  shock  b^tb 
HudOen  application  of  the  brake.  In  Grimmitt's  appltAiice,  vhidi 
has  been  very  recently  introduced,  this  difficulty  has  been  om- 
come  by  employing  a  pneumatic  arrangement,  which  buoys  Dp 
the  brake  lever  for  a  few  seconds  after  euch  has  been  cast  iocn 
by  the  apparatus.  As  air  escapee  from  a  regulating  tap,  the  at- 
vessel  aod  lever  sink  lower  and  lower,  gradually  iucreasiDg  Um 
pressure  of  the  curbi^  on  the  brake  wheel. 

Catches  at  Pit  Top.— At  the  gi-eat  majority  of  coUierift, 
some  appliance  ia  used  to  hold  the  cage  while  the  changing  d 
the  tubs  takes  place. 

/irp». — The  common  form  consists  of  a  series  of  legs,  usiiallT 
four,  arranged  in  pairs  on  two  sides  of  the  cage.  They  an 
pivoted  on  a  shaft,  and  are  readily  pushed  aside  by  the  cage  on 
its  upward  journey,  but  have  to  be  moved  otit  of  the  way  again 
to  allow  the  cage  to  descend.  Such  form  is  shown  at  d,  Fig,  334. 
In  another  form,  a  series  of  projecting  bolts  are  arranged  in  tlia 
main  timbers  at  the  top,  which  are  pressed  outwards  by  spring!, 
and  can  be  moved  back  by  levers.  Such  type  is  not  so  suitaUi 
for  heavy  loads  as  ordinary  legs,  as  the  wear  is  considerable,  and 
a  greater  strain  is  thrown  on  the  framing  at  the  pit  top. 

Hydraulic  ATeps.— With  the  ordinary  form  of  legs,  if  the  cage 
is  at  bank,  it  cannot  descend  without  being  lifted  off  the  props, 
as  the  banksman  cannot  withdraw  these  while  the  weight  is  on. 
If  a  three-deck  cage 
Flos.  3M,  323,  AND  324,  is  used,  and  each  deck 

changed  indepen- 
dently, seven  rever 
Kals  of  the  engines 
have  to  take  plaee, 
each  deck  requiring 
two,  and  the  final 
lowering  of  the  cag« 
another.      This    not 


in  winding,  but  causes 
considerable  wear 
aud  tear  of  the  ma- 
chinery aud  consumes 
Bteikm.  In  addiuon, 
.slack  rope  is  paj'ed 
out  on  to  the  bottom 
cflge,  and  as  this  11 
us  iia]  ly  quickly  drawn 
up,  a  very  injurious 
shock  is  given  to  the  rope.  Several  devices,  all  coniing  fmm  the 
Continent,  Lave  been  designed  with  a  view  of  securing  the  cage 
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i  clianging  is  (^ 

'  the  shaft,  without  the  prelimmary  lift  uf  a  foot  or 
so,  and  consequent  reversal  of  the  eugme. 

Fmntz's*  appliance  used  at  Campbausen  Colliery,  Saarbriicken, 
ooneists  of  four  plunger  cylinders,  e  (Fig.  322),  provided  with 
stuffing  boxes  and  pistons,  joined  together  by  wrought- iron  tubes. 
Each  plunger  is  provided  with  a  double  lever,  g,  having  it«  turn- 
ing point  on  the  piston  itself.  One  end  of  this  lever  projects 
under  a  fised  pin,  i,  while  the  other  serves  as  a  support  to  the 
bottom  of  the  cage.  The  rise  of  the  piston  and  double  lever  is 
caused  by  water  in  the  accumulator,  E.  The  ascending  cage,  B, 
lifts  the  front  end  of  the  lever,  g,  upwai'ds  (Fig.  323),  which  by 
reason  of  it£  own  weight  falls  back  into  the  horizontal  position 
immediately  the  cage  has  passed.  When  the  cage  rests  on  the 
legs,  it  is  supported  by  the  water  in  the  piston,  connection  be- 
tween the  plunger  cylinder  and  accumulator  being  cut  off  by  a 
tap.  When  the  cage  has  to  be  lowered,  this  tap  is  opened,  and 
the  weight  of  the  tubs  and  contents  presses  down  the  plunger, 
drives  Iwok  the  water  in  the  accumulator  until  the  lever, ;;,  takes 
the  position  shown  in  Fig.  324.  As  soon  as  the  cage  has  passed 
through,  the  accumulator  again  forces  the  piston  and  lever  into 
the  higher  position,  and  the  tap  above  referred  to  is  closed. 

At  Campbausen  1  Shaft,  a  somewhat 
different  arrangement  is  in  use.     The  Fia,  3^5. 

four  pistons,  ji,  stand  obliquely  and 
have  at  the  top  an  end,  c  (Fig.  325), 
turning  round  a  bolt.  When  the  by-  , 
draulic  apparatus  is  not  requii'ed,  these 
legs,  by  means  of  the  lever.  A,  and  the 
connecting  rod,  s,  can  be  pushed  back- 
wards and  forwards  just  as  in  the  ordi- 
nary way.  A  stiil  greater  variation 
consists  in  using  an  air  vessel,  W, 
instead  of  an  accumulator.  This  vessel 
is  filled  with  water  up  to  the  middle, 
the  upper  space  containing  air  at  a. 
pressure  of  two  atmospheres,  which 
serves  the  same  purpose  as  the 
freight  of  the  accumulator,  but  by 
reason  of  its  elasticity  works  more  advantageously. 

The  disadvantage  of  such  apparatus  is  its  complicated  nature, 
liability  to  get  out  of  order,  and  the  fact  that  in  cold  weather  the 
water  freezes.  The  latter  has  been  overcome  by  employing 
glycerine  in  the  rams  and  accumulators. 

Staujis  Props. — These  are  an  ingenious  aiTangement  of  levers, 
without  any  comphcated  parts,  designed  to  secure  the  same  object. 


without 
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ooneiEts  of  two  ehafts,  > 


li  them 
immediately  the  cage  ia  brought  to  bank,  the  directioD 
ment  being  always  aitertvardd  a  lowering  oue.      The  aPL. 

*  '    '  ind  i  (Figs.  326-328),  fixed  m  M 

iugs;    the    legs,    ., 
Fica  316  4SO  317.  upon  which  the  cage 

rests,  are  threaded 
on  another  shaft, 
d,  which  can  swing 
about,  bat  is  at- 
tached by  a  link  to 
the  shaft,  a.  The 
shaft,if,ia  connect«d 
to  6  by  a  togg-le-joint 
l«ver,eand/.  Aaahownin  Fig.  326,  itisimpa'^ibleforthepi-ops,c, 
to  slide  in  a  horizontal  directioD,  as  the  two  levers,  0  and  y,  prevent 
such  motion,  but  they  allow  the  cage  topass  through  when  coming 
to  biLiik.  for,  being  loose  on  the  shaft  d,  they  rotate  about  their 
axis,  and  take  the  position  shown  by  the  dotted  lines,  dropping  back 
on  to  their  seating  as  soon  as  the  cage  has  passed.  When  lowering 
is  desired,  the  banksmau  pulls  over  a  lever,  moves  the  link  g  in 
the  direction  shown  by  the  arrow,  and  rotates  the  shaft  b.  This 
lifts  up/,  until  the  point  ^  is  a  little  above  the  atrnight  line  join- 
ing d  and  b.     Immediately  this  takes  place  the  weight  of  the  cage 


Fig.  318. 


does  the  rest,  t 
props,  c,  slide  on  an 
inclined  plane,  t, 
having  a  slope  of 
about  9°,  The  whole 
apparatus  takes  the 
position  shown  in 
Fig.  327.  The  sim- 
plicity of  the  appli- 
ance is  its  chief 
recommendation,  while  its  cost  is  not  more  than  the  ordinary 
form  of  legs.  Its  wear  should  be  unlimited,  as  there  is  nothing 
to  get  out  of  order.  The  author  has  recently  applied  the  only 
one  in  use  in  this  country.  The  colliery,  however,  is  only  being 
opened,  and  no  results  can  be  given  of  its  performances,  but  al 
Bascoup,  where  he  first  saw  it  in  operation,  it  is  claimed  to  effect 
a  saving  in  time  of  15  per  cent.  With  it,  78  to  88  cages  per  hour 
have  been  drawn  up,  and  the  three  declcs  changed,  from  a  depth 
of  268  yards. 

Changing  Tabs. — In  order  to  avoid  moving  the  cage  so  many 
times,  it  ib  usual,  when  it  has  several  decks,  to  change  two  of  these 
at  the  same  time.  Supposing  the  cage  has  four  platforms,  the 
iirst  and  third  will  be  changed  at  one  operation,  the  cage  will  then 
be  moved  and  the  second  and  fourth  decks  changed.     By  doing 


fed.     By  doing      I 
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this,  the  cage  ia  only  moved  once,  where  otherwise  it  would  have 
to  be  moved  three  timee,  It  means  more  labour,  because  with 
only  one  lauding,  one  Bet  of  mea  will  do  the  work  ;  with  several 
landings,  a  set  of  men  will  have  to  be  employed  ia  each. 

Hilda  OoUiert/. — The  general  method  of  caging  two  decks  at 
ooce  b  well  illustrated  at  Hilda  Colliery,  South  Shields,  where  the 
details  have  been  carefully  thought  out.  The  inset  is  divided  into 
two  stages,  and  all  the  tubs  from  the  workings  arrive  at  the  top 
level  and  run  down  a  gradient  of  J  in.  to  the  yard,  either  to  the 
shaft  to  supply  the  top  platform,  oi'  to  a  drop  cage,  by  means  of 
which  they  are  lowered  to  the  bottom  level  to  supply  the  bottoni 
deck.  Apian  of  the  arrangement  of  the  rails  isgiveu  in  Fig.  319. 
The  empty  tubs  from  the  top  deck  gi-avitate  down  an  inclination  of 
3^in.  to  the  yard  to  the  point,  a,  and  are  carried  by  the  niomen* 
turn  they  have  attained  for  a  short  distance  along  a  b,  and  up  a 


Blight  gradient,  h  e,  sufficiently  far  to  clear  the  points,  b.  Their 
direction  of  motion  is  reversed,  and  they  then  run  along  the  line 
marked  "  empty  tubs,"  indicated  by  the  arrow,  and  deliver  them- 
selv^  to  the  point,  d,  where  they  ore  made  up  into  sets  and  hnuleil 
away  to  the  workings.  The  full  tube  for  the  lower  decks,  after 
being  dropped  by  the  cage,  e,  gravitate  to  the  shaft,  and  the  empty 
ones  towards  the  cage,/,  which  ia  connected  by  a  rope  to  the  drop 
cage,  a.  As  the  weight  of  the  latter  and  the  full  tubi  is  heavier 
than  that  of  cage  /'and  its  empty  tube,  when  e  is  lowered  it  lifts 
up  /  and  the  empty  tubs  to  the  top  level,  where  they  are  auto- 
matically released  from  the  cage,  and  gravitate  away  to  join  those 
at  d,  which  have  already  come  from  the  top  deck. 

The  foUowing  automatic  catches  are  used  for  keeping  the  tubs 
on  the  cages  during  their  ascent  or  descent :  («)  During  lowering, 
the  tubs  run  in  from  the  direction  shown  by  the  arrow  (Fig.  330), 
the  azlee  being  caught  by  the  catch,  c,  maintained  in  position  by 
tbeweight,w.  On  reaching  the  bottom  the  weightstrikeethe  floor 
uid  lowers  the  catch,  allowing  the  tubs  to  run  off  (Fig,  331). 
(i)  When  raising  tube;  the  position  at  the  bottom  is  shown  by 


fastened  to  the  bottom  of  the  cage.  In  the  illustrations,  only 
the  bottom  purt  of  the  cage  is  ehowD,  the  vertical  eide-pieces  ana 
diagonal  struts  being  omitted  for  the  sake  of  cleameaB.     At  one 
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and  of  the  rjiils  are  two  feet,  c,  and  at  the  other,  two  levers,  fl*,  pro- 
jecting below  the  bottom  of  the  cage  wheo  it  is  auspeoded.  When 
the  cage  is  lowered,  tlje  fePt  o  rest  on  the  props,  d,  and  raise  the 
raile  at  tliat  end  of  the  cage,  while  at  the  Bame  time  the  lever,  e', 
rests  OD  tbe  props,  d',  and  lowers  the  roils  at  the  other  end,  the 
result  being  tbat  the  tubs  gravitate  away.  Before  the  rails  are 
inclined,  the  tubs  ore  held  on  the  rails  by  the  stops,  «  /,  which 
press  against  the  axles,  but  simultaneously  with  the  rails,  a,  being 
inclined,  a  foot,y,  attached  to  the  stop,  e*,  rests  on  the  prop,  ^,  and 
raises  it  to  the  position  shown  in  Fig.  335,  and  allows  the  loaded 
trams  to  run  away.  The  prop  g  is  pivoted  about  a  shaft,  it,  and 
is  connected  by  a  rod,  n,  to  a  lever,  j.  When  the  axle  of  the  fitst 
loaded  tram  presses  against  this  lever  9,  the  prop  g  is  withdrawn 
from  under  the  foot/,  and  the  stop  e'  takes  the  position  drawn  in 
Fig.  334,  in  time  to  prevent  the  empty  tubs  running  through  the 
cage. 

In  addition  to  the  tub-releasing  gear,  the  empty  trams  itre  run 
on  the  cage  by  the  aid  of  a  movable  platform.  A,  connected  with 
an  oscillating  cylinder,  h,  to  which  air  or  steam  is  admitted  by  an 
ordinary  three-way  cock,  r.  Simultaneously  with  the  inclining  of 
the  rails  on  tbe  csge,  the  foot  c  presses  down  the  tappet  rod,  s,  and 
gives  motion  through  the  crank  lever,/,  to  the  connecting  rod,  m, 
which  opens  the  tap,  r,  and  admits  steam  to  the  cylinder,  when  the 
platform,  h,  is  raised  to  the  same  inclination  as  the  rails  on  tbe 
cage  {^S-  335)-.    -As  s< 


I  the  cage  is  lifted  from 
the  props,  steam  is  dis- 
charged from  the  cylinder, 
BJid  the  platfoiTu,  A,  falls 
to  the  horizontal  position. 
The  oscillating  platform 
wema  to  be  an  unnecessaiy 
complication,  as  the  rails 
might  easily  be  arranged 


Tia.  336. 


Fovder't  Appnratru 
several  of  the  coUieries  in 
the  Nottingham  district, 
Fowler's  apparatus  is  used 
for  simultaneously  changing 
all  the  decks  of  the  cage. 
Fig,  336  shows  the  appa- 
tntus  in  the  position  when 
the  cage  has  just  arrived 
at  bank  with  its  load  of 
full  tubs;  the  pliLtforms  aaa 
contnin  the  empty  tubs, 
while  b  bb  ore  ready  to  rccei 


a  the  full  ones.    The  tube 
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lower  platform  are  pushed  off  by  manual  labour;  simuItanecnuJj 
with  tbu,  the  empty  tubs  on  the  two  upper  decks  are  thrust  for- 
ward by  the  bydi-aulic  rams,  e  o,  nod  displace  the  loaded  ones  oo 
the  cage.  The  cat<.'hes  for  retaining  the  empty  tubs  are  then  pot 
into  position  by  the  movement  of  one  rod  (not  fihown)  and  tbe 
cnge  is  ready  to  proceed  on  its  downward  journey,  the  time 
occupied  in  changing  being  exactly  the  sume  as  if  only  one  deck 
was  in  use.  The  two  platforms,  a  and  b,  axe  thea  allowed  by  tbe 
hoists,  c  and  d,  to  dnk ;  a  is  ready  to  receive  empties,  its  decks 
being  successively  brought  by  the  hoist  to  the  bank  level,  and  h, 
having  been  allowed  by  similar  means  to  bring  its  middle  deck  ia 
the  bank  level,  can  be  further  lowered  for  tbe  removal  of  its 
uppermost  loaded  tub.  As  soon  as  this  is  done,  the  counterbalance 
weights  W,  bring  it  back  into  position  ready  to  receive  the  full 
tubs  again.  Time  is  saved  in  changing  the  tubs  ou  the  cage, 
because  the  operations  of  taking  off  the  full  tubs  and  putting  tbe 
empty  ones  on  the  hoist  is  pei'formed  while  the  wind  is  tiikiiig 
place.  At  Denaby  Main  Colliery,  Yorkshire,  where  the  author 
saw  the  appliance  in  operation,  six  tubs  were  changed  oo  three 
decks  in  ten  seconds.  Evwytliing  worked  well  and  successfully, 
but  seemed  to  require  a  lot  of  labour. 

Harris  NaiAgation  ColMery. — At  the  downcast  pit,  twodecksen 
changed  at  once.  The  full  tubs  run  offthe  topdeck,in  the  opposite 
direction  to  thoee  going  off  the  bottom  deck,  and  proceed  round  a 
ciix^ulai-  platform,  having  a  gradient  oF  about  i  in  40,  to  the  other 
side  of  the  pit,  where  they  join  the  loaded  tubs  &om  the  bottom 
deck,  the  whole  lot  then 
F"^'  337-  going  to  the  screens.    Tbe 

_J^*  empty  tuba  to  change  boA 

'^-!;^  decks  are  raised  by  a  steam 
hoist  to  a  platform  ahoat 
6  ft.  6  in.  high ;  part  o( 
them  run  straight  to  the 
shaft  (to  change  the  top 
deck),  while  the  other  part 
run  round  a  second  cireular 
platform  with  a  descending 
gradient,    and    reach    the 

J    opposite  side  of  the  shaft, 
where  they  are  placed  on 
|J     the  lower  deck  of  the  cage 
(Fig-  337)- 

The  steam  hoist  dischai^ 
its  tubs  automatically,  as  a 
stop  is  placed  ia  the  guides  which  tilts  up  the  bottom.  The  cages 
are  also  provided  with  a  loose  bottom,  pivoted  about  a  pin.  By  an 
arrangement  of  projecting  pieces  and  tub  stops,  similar  to  those 
in  use  at  Clifton,  the  tubs  automatically  discharge  themselTfls  U 
soon  as  the  cage  is  lowered  on  to  the  kepe. 
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Fjo.  338. 


I  Bea  End  CoSiery.— At  Bell  End  Pit,  where  the  shaft  only  con- 

'  e  cage,  theauthor  is  employing  a  combination  of  several 

nenta.     The  cage  is  lioubte- decked,  and  earh  is  cbasged 

iependently.  The  ruila  are  set  at  a  permanent  inclinatioD,  and 
the  tuba  are  kept  on  by  a  hinged  arm,  but  at  the  landing-placa 
are  released  by  an  automatic  arrangement  described  a  httte  later 
on.  At  the  bottom,  tlie  lower  deck  is  received  on  a  aet  of  Stauss 
props,  the  tub  is  released  and  gravitates  away  to  a  platform.  The 
cage  is  then  lowered  without  Mveraing  the  engine,  and  the  top 
deck  tub  released,  which  then  tuns  to  the  same  platform.  The 
full  tubs  are  now  on  the 
cage,  which  atarta  away  to 
bwik. 

The  platform  referred  to 
is  attached  to  a  hydraulic 
ram  and  pivoted  about  a 
point  slightly  away  from 
its  centre  (Fig.  338J.  When 
the  tubs  are  on,  it  there- 
fore takes  a  certain  inclhiii- 
tioD  limited  by  a  stop.  The 
curved  guard,  b,  prevents 
the  tubs  running  through, 
and  the  inclined  surface 
will  not  allow  them  to  pass 
out  during  the  lift.  The 
hanger-on  pulls  the  lever, 
a,  the  platform  and  its 
contents  rise  a  distance  of 
about  6  feet.  On  uiriving 
at  the  top  the  platform 
automatically  stops  through 
catching  the  lever,  d,  and 
cutting  off  the  pre.-wure, 
and  is  tilteii  in  the  opposite 
direction,  when  the  tubsnin 
away  on  the  top  landing,  c,  and  gravitate  to  the  point  where  th^ 
are  attached  to  the  haulage  ropes  ;  the  platform  then  descends, 
ready  to  receive  another  consignment  of  empty  tuba. 

The  releoaing  gear  employed  is  that  designed  by  Mr.  W.  R. 
Wills.*  The  inclination  of  the  I'ails  is  such  that  the  tube  wOl 
only  run  forwards,  and  these  are  held  on  and  released  from  the 
cage  by  the  mechanism  shown  in  Figs,  339,  340  and  34  [.  The  L 
arms,  a  a,  revolve  in  suitable  bearings  tixed  to  the  side  of  the  cage, 
and  the  angle  pieces  rest  against  the  front  end  of  the  tub,  but  are 
iveated  from  rising  too  high  by  a  stop  (not  shown  in  illua^ 
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fios-  339i  340  AND  341, 


tratiorw),  while  they  are  kept  in  their  proper  place  1 
spring,  b,  attached  to  levers,  c  c,  projecting'  outwftrds.  On  the 
cage  being  drsira  out  of  the  shaft  these  levers  strike  against  uxl 
lift,  two  eatches,  d  (Fig.  339),  which  faJl  back  into  place  again, 
and  on  the  return  of  the  cage  push  the  levers,  e,  into  the  podtim 
abowu  by  the  dotted  line  in  Fig.  341,  and  release  the  tub.  Bf 
the  time,  however,  that  the  cage  rests  on  the  legs  the  levers,  c, 
have  completely  passed  the  catcher, 
d,  and  the  arms,  a,  would  be  closed 
by  the  springs,  b,  but  by  such  time 
the  L  parts  of  the  ai-ms  are  locked 
beneath  the  bottom  of  the  tub,  and 
remain  there,  until  it  has  passed  oat, 
when  they  immediately  close  and  pre- 
vent the  further  passage  of  the  Booooi 
tub. 
f.     '^         ^''     .  '  -^^  ^^^  surface,  the  cage  is  lifted 

If  until   itfl  bottom  deck  rests  on  the 

J  Stausa  preps,  and  the  motion  after- 

[^     ,      .  I  wards  is  always  a  lowering  one.     The 

tubs  are  automatically  released  by  a 
similar  apparatus  to  the  one  at  the 
bottom, 

Bascoup  Coliirry. — At  No.  5  Pit  the 
changing  operations  are  performed 
with  extreme  rapidity ;  at  the  bottom 
with  the  aid  of  a.  balance  platform, 
and  at  the  top  with  Stauss  kepe; 
and,  by  the  peculiar  arrangement 
existing  there,  both  are  carried  on  independently  of  each 
other. 

When  the  cage  reaches  the  bottom  it  is  received  upon  a  plat- 
form, p  (Kg.  342),  counter-balanced  with  a  weight,  w,  equal  to 
that  of  the  empty  tubs  and  the  cage.  The  two  empty  tubs  on  the 
bottom  deck  are  then  replaced  by  full  ones,  and  the  extra  weight 
of  the  load  they  contain  causes  the  ciLge  to  descend  with  the  plat- 
form, until  the  second  deck  is  level  with  the  inset.  The  tube  on 
this  deck  are  then  chauged,  and  the  platform  and  cage  descend 
again,  until  the  top  deck  is  level  with  the  inset,  when  the  empty 
tubs  lire  replaced  by  full  ones.  The  descent  of  the  platform  is 
governed  by  a  brake,  a,  regulated  by  a  hand-wheel,  b.  A  catch, 
e,  is  ab;o  provided,  which  locks  the  platfoim  at  the  proper  levels, 
by  engaging  with  the  stops,  e.  This  catch  can  be  lifted  ofi'  by  on 
arm,  d.  It  will  allow  the  platform  to  ascend,  but  not  to  descend 
until  released.  Immediately  the  cage  containing  the  full  tubs  is 
lifted  by  the  winding  engine,  the  counter-balance  brings  back  tbe 
platform  to  the  level  of  the  inset,  ready  to  receive  the  other  cage. 
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I  The  changing  at  the  surface  is  carried  out  as  follows. 

Idle-chains  nre  made  very  long,  aod  before  the  top  cage  comes 

a  bank,  the  bottom  cage  reaches  the  balance  platform  just  de- 

At  this  point  the  engine  is  steadied,  and  the  top  cage  is 

d  until  its  lower  deck  rests  oq  the  Stauss  prope.     An  amovmt 

|l  slack  rope  is,  therefore,  payed  out  oa  the  cage  at  the  bottom 

"f  such  operation,  but  through  tbe  bridle-chains  being  long  the 


"  kink  "  ;  indeed,  not  so 
Jiu-  342. 


S  itself  ia  kept  straight,  and  doe^  n 
pnch  is  let  out  as  would  be 
I,  for  before  the  top 

^  1  actually  raised  to 
iank,  the  empty  tubs  on 
the  bottom  deck  of  the 
cage  below  ground  will  be 
replaced  by  full  ones,  nnd 
the  platform  lowered,  thus 
taking  up  a  length  equal  to 
the  height  of  one  deck.  At 
the  surface  the  bottom  deck 
is  also  changed  first,  the 
cage  lowered  by  moving  the  ^r-r™  |^ 
Stauss  props,  the  full  tubs  '""•vj 
on  the  second  deck  replaced 
by  empty  ones,  the  cage 
again  lowei'cd  and  the  top 
deck  changed.  The  engine- 
man  has  only  to  attend  to 
the  operations  at  the  surfnc 
the  tubs  at  the  bottom  being 
changed  with  the  balance 
platform,  and  by  the  time  I 
the  top  deck  is  changed  at 
the  suiface,  all  the  slack 
chain  and  rope  has  been 
taken  up,  and  the  enginu 
starts  away  upon  receiving 
the  signal  from  the  bottom. 

At  AniLin  Colliery  a  balance  platform  is  also  employed,  but  to 
remove  any  chance  of  the  rope  kinking  when  the  slack  rope  is 
payed  on  to  the  cage,  a  short  length  of  aloe  rope  is  inserted 
between  the  bridle-chains  and  the  capping  of  the  steel  rope.  As 
this  is  quite  soft  and  flexible,  no  harm  can  result. 

Fencing  the  Pit  Top. — To  allow  the  empty  tubs  to  run  00, 
and  the  full  ones  off  the  cage,  a  movable  fencing  has  to  be 
employed  at  tbe  pit  top.  This  usually  consists  of  sliding  gates 
opposite  the  ends  of  the  cage,  a,  permanent  fence  being  erected  on 
the  other  two  sides.    Projecting  pieces  on  thecagetop  catch  these 
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gaMB  and  B(t  tfaem  nprnrda  wfaen  the  cago  lurivee  at  bank,! 
M  Hoa  M  t^  doMWit  oomnieDcee  the  gates  fall  to  the  gnmnd 
%mi  aeeora  tbe  top  of  the  shaft.  As  the  cage  travels  at  (xodder- 
aU»  iiiiiiil  wWo  it  strikes  the  fence,  it  is  advisable  that  the  lalUr 
ifcwln  ha  aiada  as  light  as  possible.  The  preferable  pUa  appean 
Id  ba  to  tmxfiaf  tiirae  strips  of  iron  connected  tc^ther  bj  chains ; 
tka  top  one  is  loBgar  than  either  of  the  other  two,  and  reels  <m 
two  pRips  ia  its  aoratal  posiU<iD.  On  the  arrival  of  the  cage  it 
bank,  the  battom  piece  of  iron  ia  SrA 
Pm.  ju.  lift«d,  then  the  second,  and  finally  tbe 

,>f3^  thiixi. 

•^i  T  The  ^oblem  is  rather  more  compli- 

oated  if  winding  goes  od  at  an  up-^ 
shaft  where  fan  ventilation  is  employeil, 
because,  unless  some  special  means  sn 
adopted  when  changing  is  taking  place, 
the  pit  top  ia  open  to  ibe  atmosphere. 

Pemberlon  Colliery, — At  the  ap-cait 
pit,  the  entire  distance  from  the  groiuid 
level  to  near  the  top  of  the  frame  it 
cased  in,  as  shown  in  Fig.  343,  bj  two 
rectangular  sheaves  of  wood,  each  form- 
ing a  compartment  in  which  one  cage 
travels.  As  little  play  as  possible  it 
given  between  the  sides  of  the  cage  and 
the  fnuning,  each  cage  practically  form' 
ingapiaton.  At  the  banking  level,  small 
rectangular  openings  are  made,  of  just 
sufficient  size  to  allow  the  passage  of  the 
tubs  through  them  ;  these  openings  are 
closed  on  the  indde  by  a  vertical  tr^ 
door  sliding  in  two  grooves,  which  is 
opened  by  the  cage  as  it  ascends,  and 
on  the  outside  by  a  safety  trap-door, 
bal.iiiced  by  a  weight  which  is  lifted  by 
the  ou-setter.  By  this  method,  the 
ios.s  of  sir  is  reduced  to  a  minimum. 
The  bottom  deck  of  the  cage  is  uuule 
solid,  and  to  prevent  on;  loss  of  aii 
whfm  Gtatiding  at  bank,  it  is  provided  with  a  second  or  false 
bottom,  about  1 8  in.  below  the  one  on  which  the  tubs  rest.  By 
this  device  the  top  of  the  pit  never  becomes  open  to  the  atmo- 
sphere, even  should  the  engineman  raise  the  ciig&s  a  short  distance 
above  the  proper  level.  To  provide  a  perfect  joint,  and  reduce 
shock,  the  inside  dooi-i^  have  a  gutta  percha  band  running  along 
the  lower  side. 

Homer  Hill  Colliery. — Another  method  of  covering  commonly 


nployed  is  well  illuBtrated  by  that  is  uee  at  this  colliery.     The 

haft  is  cloeed  bya  pyramidul  coyering:,  at  the  upper  end  of  which 

I  a  small  movable  shutter,     "" 

t  this  pyramid,  owing 

>  the  vacuum  beneath, 

■  considerable,  and  it  is, 

perefore,     counter-bal- 

by    weights,    w 

ig.  344).     When  the 

3  is  neai-ly  at  bank, 

LB  capping  on  the  wind- 

g-rape   first   lifts  the 

all  shutter,  a,  and  it 

o  easily  as  its  area 

|;«malL     Tbistoacer- 

n  ertent  takes  off  the 

on    the    main 

las  the  weight 

if  the  latter  is  also  coun- 

r-balanced,    the    cage 

ivering  vertically  upwards  without  aay  injurious  shock. 
I  an  additional  safeguard,  springs,  6  b,  are  placed  at  the  four 


\  Tub  Controllers. — To  prevent  the  tubs  running  into  the  shafts, 
liuary  blocks  (Fig.  216)  are  generally  employed,  but  possess 
my  disadvantages.  They  have  to  Ite  opened  by  hand,  and  when 
De  open  will  uUow  any  number  of  tu)^  to  pass  by.  Automatic 
mtiivances  are  much  to  be  preferred. 

I  At  Lye  Ci-osb  Fit,  the  empty  tubs  are  conli-ulleJ  by  a  projecting 
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BtQd,  a  (Fi^.  345),  which  fltonds  up  between  the  rails  uid  taiAm 
the  axle  of  the  tubs.  Thia  stud  is  attached  to  a  lever,  h,  pivoted 
nbout  a  oeatre,  0.  One  end  of  the  lever  is  weighted,  to,  while  the 
other  is  attuched  to  &  foot  treiulle,  d.  The  weight  always  keeps  tha 
lever  in  such  a  position  that  the  stud,  le,  blocks  the  way,  unless  tlw 
huriWeninii  depresses  the  treadle.  This  apparatus  lias  two  objee- 
tLDUfi :  (a)  as  the  stud  engages  the  middle  of  the  axle,  this  may  ^ 
bent ;  and  (Ji),  the  banksman  haa  to  keep  his  foot  on  the  traadle 
until  the  tub  has  passed  bf. 

For  empty  tubs  the  former  is  not  of  much  importanoe,  as  little 
strain  is  thrown  on  the  axle,  but  for  loaded  tubs  the  objection  is 
btal.  The  latter  is  scarcely  any  inconvenience,  as  the  apparatus 
is  very  comptict,  the  treadle  can  be  placed  anywhere,  and  the 
banksman,  having  the  use  of  both  hands,  is  left  quite  free. 

To  the  apparatus  used  at  Bell  End  Fit  for  regulating  the  p 
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of  the  full  tubs  no  objection  cau  be  raised.  It  is  designed  by 
Mr,  B.  Woodwoilh,  and  can  either  be  arranged  to  automatically 
control  the  delivery  of  tubs  in  and  out  of  cages,  or  for  intermittent 
delivery  from  inclined  planes  or  platforms  without  the  need  of 
attendants  for  scotching  and  releasing'  the  tubs.  The  apparatus 
can  be  opened  from  any  distance  by  the  person  requiring  the  tubs, 
and  all  the  other  movements  are  self -controlling. 

To  open  the  controller,  the  shaft,  a  (Fig.  346),  is  twisted  and 
moves  the  tongue,  6,  causing  the  shding  bolt,  0,  to  project  under  the 
lever,  d,  and  lowering  the  stop  end  at  a,  until  the  axles  run  clear, 
when  delivery  by  gravitation  commences.  The  succeeding  axlea 
turn  the  star  wheel  y^  in  the  direction  shown  fay  the  arrow,  as  they 
pass  by,  until  tlie  cam  point,  g,  comes  into  contact  with  the  heel  of 
the  sliding  bolt,  e,  at  c',  and  withdraws  the  sitme,  causing  the 
lever,  d,  to  fall  into  its  proper  position  and  stop  the  delivery  of  tubs 
until  it  is  reopened  in  the  usual  way. 

To  check  any  tendency  thei'e  uiitv  be  for  the  star  wheel,^  to 
travel  beyond  its  right  position  when  driven  by  the  axles  of  the 
tubs,  it  is  provided  with  a  square  boss,  h,  upon  which  a  spring,  i. 


A  small  roller,  it,  is  fixed  over  the  sliding  bolt,  c,  to  pi-e- 
mt  Kny  tilting  up  of  tlie  latter  when  heavy  loads  are  pressing 
jiainst  the  buil'er  stops. 

Either  when  used  on  cage  decks,  or  on  inclined  platforms,  two 
KDtroller  boxes  are  fixed  between  the  mils,  no  that  the  buffer 
uie  into  cuntat-t  with  the  tub  axles  as  close  to  the  bearings 
wheela  aa  possible ;  hj  doing  ko,  there  a  little  risk  of 
L  bending  the  axles  by  the  shock  of  stoppage  of  the  louded  tubs, 
and,  88  an  additional  ])revGntive,  elasdc  spring  bulTers  are  also 
used  to  equalise  the  bearings  of  the  axles  against  the  stops.  In 
Fig.  346,  the  box  mechanism  shows  an  arrangement  to  pass  two 
tubs  each  time.  To  pass  one  only  each  time,  two  cam  points.  ;f, 
are  used  to  one  stoi'*  wheel  boss,  while  for  pausing  three  tabs,  a 
stAT-wheel  with  six  points  would  be  used  with  only  one    cam 

Signalling. — Nothing  conduces  to  rapid  winding  more  than 
efficient  signals.  Two  systems  are  employed.  The  ordinary  method 
oonsistsof  a.  wire  carried  down  the  side  of  the  shaft,  one  end  being 
attached  to  a  lever  and  the  other  to  the  mechanism  working  a  bell. 
For  small  depths  this  system  works  very  well,  but  where  the  line 
is  a  long  one,  the  power  required  to  ring  the  bell  is  considerable, 
and  although  balance  arrangements  are  used  to  take  off  the  weight, 
tho  banksmau  has  still  to  exert  a  large  amount  of  force,  which 
secessorily  takes  time. 

Instead  of  these  mechanical  signals,  it  has  now  become  common 
to  use  electrical  ones.  Undoubtedly,  when  such  were  first  applied, 
they  were  by  no  means  suitable  for  the  rough  work  of  a  colliery. 
The  great  mistake  made  consisted  in  making  them  far  too  weak, 
and  aot  introducing  sufiicient  safeguards;  in  addition,  the  men 
at  collieries  were  quite  unused  to  such  appliances,  and  if  anything 
went  wrong,  an  electrician  had  to  be  sent  for.  At  the  present 
time  none  of  these  objections  hold  good.  It  has  long  been 
reoognised  that  signals  suitable  for  dwelling-houses  are  of  no  use 
whatever  at  collieries,  and  a  special  stronger  type  has  been 
designed.  The  woikiug  and  keeping  in  order  of  such  appliances 
bave  ceased  to  be  a  wonder,  and  many  collieries  at  the  present 
time  simply  purchase  their  stores,  and  fit  up  and  keep  the  signals 
in  order  themselves. 

What  ore  known  as  single-stroke  bells  are  generally  employed, 
tliat  is  to  say,  the  bell  only  makes  one  stroke  each  time  a  signal 
is  given.  The  elements  of  successful  working  principally  lie  in 
having  large-sized  battery  cells,  which  are  almost  univeraally  of 
the  Leclanch^  type,  and  proper  wii-e  in  the  shaft.  One  of  these 
wires  should  unduubtedl}-  be  insulated.  Sometimes  both  wires 
are  suspended  from  a  point  on  the  head-gear  and  hang  free  in  the 
shaft;  then  neither  are  covered.  This  arrangement  possesses 
some  advantages  in  the  fact  that  it  is  cheap  and  requires  little 
labour  and  in  addition  the  wires  are  not  damaged  by  pieces  of 
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coal,  Jk..  falling  down  the  ehaft,  hs  these  simpty  glaoce  off  tlw 
wire  Aud  do  uo  barm.  Sooner  or  Inter,  however,  leaka^  of  tJie 
mirrent  takes  pliice.  The  bett«r  plan,  ulthough  ths  dearer  one 
to  oommeDce  with,  ia  to  employ  a  properly  insulated  wire  uii 
oany  it  ia  grooved  boaJfdinp  down  t.he  ^de  of  the  shaft.  No 
staples  or  iron  shoald  be  employed  to  keep  the  wire  in  the  groove, 
which  should  preferably  tie  made  sliglitly  smaller  than  the 
diameto'  of  the  covered  wire,  and  then  the  latter  lightly  topped 
into  place,  the  whole  being  tinally  covered  with  a  light  wooden 
hd.  The  insulation  prevents  Ic-.iluige,  and  the  wood  casing  any 
damage  to  the  insulation. 
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CHAPTER  X. 
PUMPING. 


The  ftmovmt  of  water  met  with  in  minc6  is  dependent  on  thai 
depth  and  on  the  nature  of  the  operlying  strata.  Shallow  mines 
are  always  more  troubled  with  water  than  deeper  onee.  The 
BubeideQce  caused  by  extracting  the  material  cracks  and  fissures  the 
ground  above,  and  affords  means  for  the  ingress  of  wat«r.  EriO 
when  the  depth  is  great,  if  the  strata  overlying  the  ooal  seams  con- 
tain large  quantities  of  water,  as  is  often  the  case,  the  worldnga 
naturally  release  the  water,  and  it  Hows  into  the  mine.  In 
some  ca^es,  a  aeries  of  impervious  beds  are  fotmd  to  exist 
between  the  water-bearing  strata  and  the  coal  mee^^nree  be- 
oetith,  and  the  water  met  with  during  sinking  may  be  tubbed 
back. 

PmnpB. — KumerouB  types  of  pumps  are  used  for  unwatering 
mines,  but  they  may  be  broadly  divided  into  two  clnsises — bucket 
and  plunger.  If  the  engines  are  placed  at  the  surface,  with  the 
former  type  the  water  is  lifted  during  the  forward  stroke,  while 
with  the  latter  it  is  forced  at  the  backward  stroke. 

Bucket  Pu^npg. — Suction  pumps  in  mines  are  similar  to  tfaoss 
used  in  ordinary  wells,  only  better  designed  and  on  a  lai^ger  scale. 
They  cousLst  of  a  pipe,  called  the  working  baiTel,  a  (Fig.  347),  into 
which  a  well-fitting  piston,  p,  ha\-ing  a  \-alvp  or  valves  opening 
upwards,  is  worked  up  and  down  by  being  attached  to  the  pump- 
rods.  The  lower  end  of  this  working  bane!  is  connected  to  a 
suction  pipe,  containing  a  valve,  c,  ctdled  a  "clack."  The  lower 
end  of  the  auction  pipe  is  called  the  "  snore  piece,"  or  "  wind 
bore,"  and  is  provided  with  a  number  of  holes  at  or  near  the 
bottom,  through  which  water  enters  the  pipe,  and  which  prevent, 
to  a  cei-tain  extent,  any  large  piece  of  solid  material  entering  the 
working  barrel.  The  combined  area  of  these  holes  should  be 
larger  than  the  area  of  the  suction  pipe. 

When  the  piston,  or  bucket,  makes  its  up-stroke,  a  vacuum  is 
created  in  the  worldng  barrel,  and  the  pressure  of  air  forces  water 
through  the  suction  pipe  and  clack  into  the  workinj;  barrel.  On 
the  return  stroke  the  clack  closes,  and  the  bucket  valve  open'!, 
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Jlowing  the  water  to  pass  to  tiie  upper  side  of  the  bucket,  to  be 

"sed  to  the  eurface  od  the  return  stroke  of  the  engine. 
[  PlMtigcr  Pumpi. — In  this  system  the  water,  instead  of  being 
's  forced  up  by  the  action  of  a  plunger.  The  arrangement 
|F  this,  and  the  nece>«ary  valves,  is  shown  in  Fig.  34S,  where  the 
leton,  a,  is  just  commencing  its  upward  stroke,  and  is  sucking 
f»ter  through  the  valve,  h.  On  the  return,  the  valve  e  will  open 
pud  b  close,  and  as  the  plunger  passes  downwards,  water  is  f  on^ 
lugh  c  to  the  surface. 
Boilow  Plungera.— With  bucket  pumps,  lighter  rods  can  be 


Fig.  347. 


Fig.  348. 
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employed  than  with  plungers,  but  wear  and  tear  is  large,  and  the 
maintenance  charge  is  heavier.  Plunger  pumps  have  one  dis- 
axlrautage;  unless  the  column  of  water  is  sohd  at  the  commence- 
ment of  the  return  stroke  the  ram  falls  suddenly,  and  the  pipes 
receive  a  severe  shock.  To  remove  the  difficulty ;  and  to  combine 
the  advantages  of  both  systems,  hollow  rams  are  often  used ; 
they  consist  of  a  hollow  plunger,  a  (Fig.  349),  having  at  the  top 
a  valve,  6,  which  is  closed  during  the  up-stroke,  and  opened  on 
the  return,  being  prevented  going  too  far  by  the  stop,  e.  Such  a 
plunger  may  either  work  through  an  internal  stuffing-box  in  the 
rising  main,  or,  preferably,  the  stuffing  box  is  pWed  outside, 
where  it  may  easily  be  tightened  up  without  stopping  the  work. 
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Stockfl  or  Troee — Thu  pipes  throTigh  which  the  wat«r  ii 
dehver«ci  to  tha  Burfjtce  are  called  "stocks,"  or  "  trees,"  and,  a 
combiiiBtion,  form  the  rising  main.  They  consist,  as  a  rule,  of  cut- 
iroD  pipes,  generally  9  ft.  long,  shorter  lengths  of  3  ft.  and  6  It 
being  used  for  making-up  pieces.  The;  should  be  as  long  m 
possible,  without  making  them  dilGcnlt  to  handle,  as  by  doing  ■> 
the  nomber  of  joints  is  redaced,  there  being  less  liability  for  air 
to  enter.  They  should  always  be  cast  Rtanding- ;  tf  not,  the  pro- 
babilities are  that  the  metal  will  be  thicki^r  on  one  side  than  Aft 

The  thickness  depends  on  the  sum  and  the  pressure  to  bemthstood. 
A  cubic  foot  of  water  weigh5'  6;^  !K<i.,  and  as  it  stands  on  a  baa  irf 
144  aq.  in.,  the  pressure  per  sq.  in.  due  to  each  foot  in  depth  i> 
.434  Ibe.  The  oommon  rule,  and  one  erring  un  the  right  side,  ■ 
to  allow  a  pressure  of  ^  lb.  for  each  foot  in  depth,  or  to  find  tin 
total  pressure  in  lbs.  per  sq.  inch  due  to  a  column  of  water,  ^ 
vertical  height  in  feet  may  be  divided  by  z.  Indeed,  some  allov- 
aoce  is  abeSutely  necessary  in  determining  strengths,  because  it 
is  well  known  that  the  pressure  experienced  in  pumping  seta  a 
%-nriBble  during  different  parts  of  the  stroke,  and  exceeds  that  dw 
simply  to  the  weight  of  the  water.*  The  neoessaiy  thicknen  of 
the  pipes  is  determined  by  tho  formula : 


whers  d  —  internal  diam.  in  inches,  (  ^^  thickness  in  inches  and 
p  K  the  pressure  in  lbs.  per  aq.  inch. 

The  weight  of  any  length  of  pipes  is  found  by  the  formula : 

where  w  ■•  weight  per  lineal  foot,  D  —  the  outside  diam.  in 
inches,  d  =  inside  diam.  in  inches,  and  c  is  a  constant  =  2.45 
for  cast  iron,  and  2.64  for  wrought  ii-on. 

Of  late  years,  wrought-iron  and  steel  pip««  have  been  substi- 
tuted for  cast-iron  ones.  For  the  same  strength  their  weight  b 
considerably  less,  and  they  can  be  made  in  longer  lengths,  and 
yet  be  much  easier  handled ;  1 5  to  so  ft.  lengths  are  by  no  means 
uncommon.  They  have  additional  advantages  in  being  cheaper, 
and  not  so  liable  to  fracture. 

Joints. — The  trees  are  joined  together  in  various  different 
waj-s.  For  moderate  lifts,  the  oommon  practice  is  to  face  and 
turn  in  two  ooncentria  V  grooves  in  each  flange.  A  sheet  of  lead  b 
placed  between  the  two  flanges,  and  when  the  bolts  are  screwed 
together,  this  lead  is  forced  into  the  V  grooves.  The  better  pkn 
for  heavy  pressures  is  to  employ  what  is  known  a^  the  male  and 


e  joint.  One  flange  is  proviJed  with  a  projeetioa  and  the 
jher  with  a  corresponding  recess.  An  india-rubber  or  lead  ring 
■^aced  in  this  groove,  and  the  flanges  screwed  firmly  together, 
aes,  one  of    the    best   known  joints  is 


inges  tightly  together.  An  india-rubber 
g  ia  fitted  u|K>n  each  ferrule.  The  advantages  are,  the  small 
loUDt  of  time  taken  to  make  a  joint,  and  the  pipes  can  be  con- 
i  at  email  angles,  whereby,  in  many  cases,  the  trouble  and 
wnse  of  bends  is  avoided.  They  possess  an  advantage  over 
nightiron  pipes,  as  they  are  not  weakened  by  having 
lads  cut  on  them,  and  when  galvanised,  no  part  is  subjected  to 
s  19  the  case  when  galvanised  pipes  are  screwed. 
t  Supporting  Pipes  in  Shaft. — The  ordinary  plan  is  to  pro- 
1  bunton  of  timber  running  across  part  of  the  shaft, 
1  which  two  smaller  pieces  are  fixed  at  right  angles,  one  on 
ich  side  of  the  pipe  under  a  flange.  These  short  pieces  are 
isllowed  out  to  fit  the  pipe  perfectly.  It  is  difficult  to  see  how 
Seb  support  can  be  improved,  and  it  is  invariably  employed 
■'  ere  there  is  plenty  of  room.  It,  however,  requires  a  consider- 
e  amount  of  space,  because  the  main  cross-piece  haji  to  be  fixed 
a  the  outside  of  the  pipe,  and  as  it  has  to  beai'  all  the  weight, 
Is  necessarily  large. 

In  a  shaft  where  room  wa^  valuable,  the  author  applied  the 
method  shown  in  Figs.  352  and  353.  A  bearer,  a,  was  fixed  at 
right  angles  to  the  brickwork  of  the  shaft.  Wrought-iron  pipes 
were  employed,  as  the  flanges  on  them  took  up  considerably  less 
space  than  cast-iron  ones  would  have  done.  One  of  these  timber 
pieces  was  fixed  immediately  below  each  joint  of  the  pipe.  A 
wrought  iron  gland,  b,  with  two  screwed  pin-ends  passed  round 
the  pipe  and  through  the  timber  piece,  and  was  lirmly  Ijound 
against  the  tube  by  nuts  screwed  aa  tight  as  possible.  A  main 
bearer  similar  to  that  described  in  the  preceding  paragraph  was 
fixed  at  the  bottom  of  the  shaft,  this  supporting,  in  a  great 
measure,  the  weight  of  the  pipes. 

Spear  Bods. — The  buckets,  or  plungers,  are  connected  to 
the  engine  through  the  medium  of  what  are  called  "  spear 
rods."  In  the  great  majority  of  casee  these  consist  of  wood, 
although  iron  and  steel  are  sometimes  employed.     Since  those 


nbcn-e  have  to  ^uppoit  tbeir  own  weight  and  the  weigM  of  iH 
below,  the  upjier  t'ods  must  be  made  proportiooatelj  large-  ^itli 
ulunger-piiiiipe,  the  rods  must  be  h^vy  enough  to  force  cp  the 
oolutnn  of  wat«r  before  them.  Wooden  rods  are  prefetsblj  mide 
of  pitch  pine,  except  at  the  surfaee,  where  they  ure  eipi^rA  to 
chaoges  of  tempeititnre.  Pine  is  more  readily  obtuined  in  Iod% 
Btraighl  lengths  free  from  knots. 

If  rods  of  sufficient  sectional  area  cannot  be  obtained,  they  an 
made  up  of  two  pieces,  the  joints  of  the  one  coming  into  the  («iitre 
of  the  other  set.     Single  itxls  are  sometimes  jointed  bj-  cutting 


Figs.  353  and  353. 
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the  ends  slanting  with  a  hole  in  the  middle,  the  connection  bong 
made  by  an  iron  plate  on  both  sides  and  bolts  passed  thrtmgh! 
An  oiik  wedge  is  finally  driven  into  the  hole  in  the  centre  to  nudce 
the  joint  quite  firm  {Fig.  354),  but  this  has  the  disadvantage  that 
the  wood  is  likely  to  split.  The  bolts  are  not  passed  through  the 
core  of  the  wood,  but  alternately  on  either  side.  A  common  joint 
is  to  cut  off  the  ends  of  the  rods  square  and  to  bolt  connecting 
plateii  on  all  four  sides, 

Compound  rods  are  often  put  together  by  two  pieces  side  by 
side,  which  may  be  cut  so  as  to  fit  into  one  another  (Fig.  355),  or 
they  miiy  be  «mply  in  contact  with  bolts  at  intervals.  Often  the 
rods   are  connected  by  side  irons,  tvitli  the  bolts  outside  the 


Iron  rods  ere  built  up  of  various  sections  fixed  together  with 
bolta  or  rivets,  usually  the  latter.     A  general  form  is  composed  of 
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•o  rbannel  pieces,  back  to  bock,  Eind  tvo  flab  stHpn,  one  on  each 
'  I,  but  every  section  of  compound  girder  is  employed. 
tOuiding   the   Bods.— This  f  " 

pUced    ; 


i9ually   vary   simple. 
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s-piece8    (Fig. 

jG).     Itubbing  boards  are  tised 

[  the  side  of  the  iictual  rod  to 

Catches  are  also 

1,  the  object  of  which  is  to 

(event  the  rods   falhng  down 

I    shaft    bhould    a    breakage 

i  to  stop  the  engine 

Bceeding  its  stroke 

I  Counterbalancing  — In  deep  shafts,  the  weight  of  the  rods 
i  very  gitat,  and  is  more  than  that  lequiied  by  the 
B,  in  addition,  a  more  ponerful  engine  la  needed  to  lift 
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them.  To  remove  thia  disadvantage,  bnlance-bobs  are 
placed  at  one  or  more  points  at  the  surface  or  in  the 
shaft  wherever  possible. 

Connections  to  Bods. — Owing  to  the  ease  with 
which  bucket  lifts  can  be  lengthened,  it  ia  commoo  to 
find  one  of  these  at  tlie  bottom  and  plungers  higher 
up  the  sbsft.  This  necessitatea  attaching  the  phmgers 
to  the  main  spear  rods  by  some  form  of  connection. 
In  general,  water  from  great  depths  ia  not  forced  or 
S  the  surface  in  ooe  operation,  but  in  a  ntimber  of  stages, 
c.ieh  of  which  is  called  a  hft.  It  is,  thei-ef ore,  common  to  find  the 
n.uin  pumping  rod  going  direct  to  the  bottom  of  the  shaft,  with 
plungers  attached  to  it  at  intervals.  These  connections  are  often 
eade  by  the  method  illustrated  in  Fig.  348,  but  the  better  plan 
^to  fork  the  main  rod  (A  B,  Fig.  357),  instead  of  placing  the 
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plungers  Kt  the  ade.  The  plua^r  is  then  fixed  in  the  tine  of  ihr 
rods,  the  Utter  l>eit)g  continued  on  either  side,  joining  ng:-^ 
•fterrnnls. 

VftlTes, — The  simplest  kind  of  vaive  is  that  in  which  *  fl^ 
works  on  b  hinge.  This  is  the  tjpe  osed  on  the  buckets  ot 
•iKitioD  pumps,  but  it  oonfiiflts  of  two  flaps  instead  of  ooe  (Fv 
35S) ;  clack-valTes  are  constmctod  in  a  sinular  manner,  bat  inst«kd 
of  fixing  the  hingefi  of  the  flaps,  they  work  within  guides,  andUie 
whole  is  free  to  move  upwards  a  few  inches,  thus  giving  a  gnui^ 
area  of  water  pfkssage  at  the  commencement  of  the  stroke. 

A  valve  largely  employed  for  pnmps  of  moderate  capacity  for 
lifts  of  3  to  500  ft.  is  the  single  beat  one  (Fig.  359).  The  spindtr 
is  fitted  with  alternate  discs  of  india-rubber  and  sheet-iron,  the 
lift  of  the  valve  being  determined  by  the  amount  of  comprrasion 
of  the  india-rubber  discs. 

For  lifts  up  to  300  ft.,  india-rubber  disc  valves  give  good  resttBi- 
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An  india-rubber  disc  is  fixed  over  the  centre  of  a  grid,  and  on  the 
water  rushing  through  the  holes  is  lifted  at  the  edges,  and  imme- 
diately shuts  agnin  at  the  return  stroke.  In  the  ordinary  con- 
struction, OS  the  disc  drops  in  the  some  place  each  time,  it  is  soon 
cut  ftway  by  the  bars  in  the  grid.  To  remove  this  disadvantage, 
Ueesrs.  Evans  and  Sons  fix  a  small  brass  collar,  a  (Fig.  360),  in 
the  centre  of  the  disc,  b,  and  place  it  on  a  spindle.  Instead  of  the 
posMiges  through  the  grid  being  vertical,  they  are  placed  at  an 
inclination,  with  the  result  that  the  water  flows  obliquely,  and 
turns  the  rubber  disc  slightly  at  each  stroke,  caumng  it  to  drop  in 
a  different  place  each  time.  In  their  later  construction  of  valve, 
the  holes  through  the  seat  are  mode  vertical,  but  the  disc  has  teeth 
cut  all  round  its  circumference,  such  teeth  being  inclined ;  the 
action  is  exactly  the  same  as  in  the  former  case,  but  the  cost  hss 
been  [■educed.  Such  a  valve  is  superior  to  a  metal  one  ap  to 
certain  pressures,  espedally  where  the  water  is  gritty  and  dirtj. 

For  heavy  pressures,  nothing  gives  better  results   than  the 
Cornish,  or  double  beat,  valve  (Kg.  361).    These  have  been  applied 
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satisfaction.     For  larger  pumps,  iastead  of  employing  one 
,  which   would  be   very  unwieldy  and   often   get  broken, 
'e  valvea  are  used,  that  is  to  say,  several  double  beats  are 
mI  in  a  cluster.     At  the  Bradley  pumping  engine,  where  the 
-a  are  27  in,  diam.,  there  are  seven  such  valves  working  on 
a-percha  beats  in  each  clank  box. 
idrantB. — For  any  type  of  horizontal  engine  fised  at  the 
1,  quadrants  have  to  be  employed  to  change  the  dii'ection  of 
I.     If  two  hf  ts  are  used,  quadrants  are  placed  c 
6  of  the  shaft,  and  so  connected 
)  is  making  the  up  stroke, 
e  the  other  is  making  the  down 
In  such  case,  the  quad- 
insists  simply  of  an  L-piece, 
i  balances  the  other ;    but 
only  one  lift  is  employed, 
fl  quadrant  b  made  of  j_-shape, 
id  a  balance  weight   placed   on 
one  end.     Instead  of  using  wooden 
quadrants,   wrought-irou    or  steel 
girders  are  common. 

Suspended  Lifts.^When 
water  is  met  with  in  sinkings,  even 
in  small  quantities,  pumping  has 
to  be  resorted  to,  owing  to  the 
limited  space.  This  ia  not  only 
a  dif&cult  but  a  very  expensive 
operation.  With  the  ordinary 
efiear  rods  and  engine  at  the 
surface,  there  are  several  methods 
for  dealing  with  pumps  during 
sinking,  which  may  be  divided  into 
two  distinct  types  :  (a)  The  trees 
may  be  permanently  fixed  in  the 
shaft  as  sinking  proceeds  and  pipes 
added  above  the  working  barrel; 
such  system  requires  a  telescopic 
suction,  or  a  telescopic  pipe  above 
the  working  barrel,  and  owing  to 
the  difficulty  of  securing  the  lower 
poi't  of  the  pipes,  ia  not  to  bo  pre- 
ferred to  (ft)  where  the  lift  is  slung 
by  ground  spears,  and  pipes  added  at  the  top  of  the  lift. 

With  this  suspended  lift  the  first  thing  to  do  is  to  make  one 
part  of  the  shaft  into  which  the  suction  pipe  is  dipped  lower  than 
the  other.  An  ordinary  snore-piece  is  employed,  a  (Fig.  362), 
above  which  the  clack-piece  is  attached,  followed  by  the  working 
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barrel  and  rising  main  until  the  surface  is  reached.  Sometime 
projecting  pieces  ate  cast  on  each  side  of  either  the  Enctioo  ot 
claok-pipe,  but  a  commoner  plan  is  to  fix  two  wrought-iron  ^Aiuk. 
c,  nndei'neath  a  flange.  These  glands  receive  tho  Krought-iron 
ends  of  the  ground  spears,  i^,  whirh  are  secured  in  their  place  bv 
cotters.  Tiiese  ground  spears  consist  of  two  pieces  of  timber, 
passing  down  each  side  of  the  pump,  and  they  carry  at  their  upper 
ends  pulley  blocks,  r,  which  are  connected  to  similar  pulleys,/,  at 
the  surface,  and  with  the  aid  of  ropes,  the  whole  set  can  b« 
lowered  or  raised  as  necessity  requires.  For  additional  security, 
other  wrought-iron  glands  are  added,  which  not  only  steady  the 
lift,  but  strengthen  the  spears.  A  front  bearer,  or  collar  ring,  j, 
ia  also  fixed  to  stetidy  the  pump,  and  prevent  any  movement, 
which  would  be  likely  to  take  place  through  the  up-and-down 
motion  of  the  pump  rods,  Other  cross-pieces,  b,  are  placed  to 
serve  as  guides  for  the  spear  rods.  The  ropes  from  the  pulleys 
OD  the  ground  speai's  are  wound  on  small  crab  engines  at  tie 
surface.     Fipea  are  added  at  the  top  as  requii'ed. 

The  height  at  which  the  working  barrel  can  be  fixed  above  flie 
wat«r  deiieuds  ou  several  cii-cumstances.  Theoretically,  the 
distance  ia  34  feet,  because  tlio  pressure  of  the  atmosphere  will 
balance  a  column  ot  water  of  that  height.  Tliei-e  are,  however, 
several  dLstutbmg  causes.  The  joints  are  never  perfectly  «us 
tight.  Thei'e  is  also  a  cerbiin  amount  of  friction  between  the 
water  and  the  sides  of  the  pipe,  which  increases  if  bends  are 
present.  In  actual  practice  from  27  to  30  feet  is  about  the  limit. 
Such  lifts  are  expensive  both  in  first  cost  and  in  maintenance. 
To  a  great  extent  they  have  been  superseded  by  direct~acting 
steam  pumps  slung  in  the  shaft.  The  types  of  pumps  emploj'ed 
are  described  a  Utile  further  on.  Three  ranges  of  pipes  ara  re- 
quired— steam,  exhaust,  and  rising  main,  nil  of  which  are  osiuillj 
of  wrought-iron.  The  steam-pipe  is  sup- 
plied  with  a  sliding  joint,  and  a  sliding 
suction  has  also  to  be  employed,  as  the 
whole  arrangement  is  only  moved  bodil; 
about  every  15  to  18  feet  of  sinking. 

At  Denaby  Main  Colliery,  Yorkshire,* 

the  pumps  were  suspended  by  two  ropei 

worked  by  a  steam  crab,  and  the  steam, 

exhaust,  and  deliveiypipes  were  all  clamped 

together  and  fastened  to  the  ropes.    The 

clamps  were  formed  of  two  pieces  of  iron 

S,    '^     ^     J     &       about  4  in.  by  i  in.  (Fig.  3^3),  bent  and 

^     fl]     H    **    **       curved  to  fit  the  pipes  and  ropes,  and  bolted 

together  between   each    pipe.     With  this 

100  yards  was  sunk  in  one  lift,  but  as  this  waa 

£dt.  80c.  Viu.  Stud.  xiv.  56. 
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not  sufficient  to  get  through  the  water,  a  tank  was  placed  about 
60  yak'ds  from  the  top. 

At  Canklow  Sinking,  Yorkshire,*  a  large  qiiaotity  of  water  waa 
successfutly  dealt  with  by  pulsometers,  which  were  all  of  No.  10 
eUe,  and  capable  of  puiopiDg  50,000  gallons  of  water  per  hour. 
They  were  suspended  on  one  side  of  the  shaft  by  heavy  chain,'!,  to 
which  the  steam  and  delivery  pipes  were  clamped  as  at  Denaby 
Main  Colliery.  At  a  depth  of  something  under  30  yards,  which 
is  the  limit  of  the  puleometer's  power,  a,  tank  was  fixed  in  the 
shaft,  and  a  man  stood  on  a  platform  adjoining,  to  regulate  the 
Bow  of  water  and  see  that  the  two  lifts  kept  pace  with  each  other. 
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At  the  worst  period, 
1 50,000  galloDsper  hour 
were  pumped  with  two 
lifts  of  three  pulso- 
meters each,  arranged 
one  above  the  other. 

With  an  ordiuaiy 
cast-iron  snore- piece, 
breakages  through  shot 
firing  are  common.  At 
Canklow  a  very  excel- 
lent form  of  wind-bore 
was  employed.  Itcoii- 
eiated  of  three  wrought- 
iron  plates  (a  a  a,  Fig, 
364),  the  bottom  one 
blank,  the  other  two  with  a  hole  the  bibb  of  the  auction  [npe 
through  them.  The  lower  flange  of  the  cast-iron  pipe  was  bolted 
to  the  top  plat«,  and  the  three  flanges  were  fastened  together  by  a 
large  number  of  small  holts,  covered  with  iron  f enules,  which  being 
loose,  withstood  the  shots,  the  whole  forming  a  grating  or  cage. 

Cornish  Pumping  Eaginea.— This  tj^pe  of  engine,  which  is 
still  largely  employed  for  pumping  openitiona,  is  illustrated  i 


Fig.  365.     It 
connected  to  c 
^ip  the  other. 


single  Q*linder,  with  its  piston-rod 
nd  of  a  beam,  the  pump  rods  being  nttaclied 
i  a  single  acting  engine,  steam  being  admitted 
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to  the  upper  surface  of  the  piston,  cauaing  the  engine  to  ma^  its 
in-Btroke.  An  eqiiilibrium  valve  is  then  opened,  and  steam  passes 
!o  the  lower  side  of  the  piston ;  the  pressure  is  then  equal  on 
both  sides.  The  weight  of  the  pump  rods  causes  the  outward 
stroke.  Communication  is  now  opened  between  the  lower  side 
of  the  piston  iind  the  condenser,  a  vacuum  formed,  and  steam  I'e- 
admitted  to  the  upper  side  of  the  piKton.  This  engine  was 
designed  by  Watt,  and  remiuiiB  at  the  present  time  as  he  left  it. 
The  valves  are  opened  and  closed  at  the  proper  time  by  tappet 
rods,  regulated  bya  cataract.  Any  number  of  strokes  per  tninote 
can  be  obtained,  although  from  the  mafiaiveness  of  the  machinery, 
speed  must  necessarily  be  slow ; 
in  addition,  a  pause  is  made 
between  the  successive  strokes, 
during  which  the  valves,  or  clacks, 
have  time  to  clone,  thus  reducing 
any  chance  of  shock.  It  is  a  large 
piece  of  machinery,  very  expen- 
sive in  itself,  and  also  to  work, 
but  when  once  in  operation 
requires  little  attention,  has  a 
very  high  efficiency,  and  its  weaj^ 
ing  capacity  is  almost  unlimited. 

Bull  Engine. — To  reduce  the 
cost  of  the  machinery  and  erec- 
tions, the  Cornish  Bull  engine 
(Fig.  366)  is  often  employed.  In 
it  the  cylinder  is  placed  directly 
over  the  shaft,  and  the  piston  rod 
connected  to  the  spear  rods.  It 
works  in  exactly  the  same  manner 
as  the  Cornish  engine. 

Davey  Differential  Engine. 
— Pumping  engines  have  fre- 
quently been  called  "profit  eaters," 
and  attempts  are  always  being 
made  to  reduce  both  their  first  and  working  cost.  It  is  question- 
able whether  tlie  working  cost  of  any  engine  is  less  than  that  of 
the  Cornish  type,  but  its  first  cost  is  great,  and  it  is  liable  to 
accident,  especially  in  sinking,  when  what  i^  known  as  a  "  riding 
column  "  often  occurs — that  is  to  say,  some  obstruction  gets  in 
one  of  the  valves  in  the  clack  ;  the  whole  weight  of  the  column  of 
water  is  thrown  on  the  engine  in  the  return  stroke,  and  the  load 
nctn  in  conjunction  with  the  steam  pressure,  instead  of  opposing 
it.  In  nine  cases  out  of  ten  tliis  means  that  something  has  to 
break,  although  to  reduce  the  risk,  stops,  previously  alluded  to, 
are  fixed  at  intervals,  to  prevent  the  engine  going  too  far  either 
on  its  out  stroke  or  on  its  in-stroke. 
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To   remove    the    danger    Mr.  Henry  Davey  has    designed  a 

gear,  whereby  a  differential  motion  is  cornmunicated  to  the  slide- 
valve  which  is  connected  to  a  lever,  one  end  of  which  is  worked 
by  the  engine  piston,  while  the  other  receives  an  independent 
motion  from  a  subsidiary  piston  controlled  by  a  cataract.  The 
action  of  the  gear  will  be  refldiiy  understood  from  Figs,  367- 
370,  and  the  following  description  given  by  Mr.  Davey,*  The 
diagrams  are  not  drawn  to  a  scale,  but  clearly  show  the  action  of 
the  gear. 

The  main  alide-valve,  g,  is  actuated  by  the  piston-rod  through 
a  lever,  h,  turning  on  a  £sed  centre,  which  reduces  the  motion  to 
the  required  extent  and  reverses  its  direction.  The  valve-spindle 
is  not  coupled  direct  to  this  lever,  but  to  an  intermediate  lever,  I, 
which  is  joined  to  A  at  one  end,  wliile  the  other  end,  m,  is  joined 
to  the  piEton-rod  of  a  small  subsidiary  steam  cylinder,  j,  which 
has  a  motion  independent  of  the  engine  cylinder,  its  slide-valve,  «, 


being  actuated  by  n  third  lever,  n,  coupled  at  one  end  to  it,  and 
moving  on  a  lised  centre, p,  at  the  other  end.  The  motion  of  the 
pifiton  in  the  subsidiary  cylinder,  j,  is  oontroUed  by  a  cataract 
cylinder,  k,  on  the  same  piston-rod,  by  which  the  motion  of  this 
piston  is  made  uniform  throughout  the  stroke;  the  regulating- 
plug,  r/,  can  be  adjusted  to  give  any  desired  time  for  the  stroke. 

The  lever,  /,  has  not  any  fixed  centre  of  motion,  as  its  outer 
end,  m,  is  joined  to  the  piston-rod  of  the  subsidiary  cylinder,  j; 
the  main  valve,  g,  consequently  receives  a  differential  motion, 
compounded  of  the  sepai-ate  motion  given  to  the  two  ends  of  I. 
If  this  lever  turned  about  a  fixed  centre  at  the  end,  »t,  steam 
would  be  cut  off  in  the  engine  cylinder  at  a  constant  point  in  each 
stroke ;  but  as  the  centre  of  motion  at  the  end,  m,  shifts  in  the 
opposite  direction  with  the  movement  of  the  piston,  j,  the  point 
of  cut-off  also  moves,  and  IB  dependent  on  the  position  of  the 
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BabeidUry  piston  at  tlie  moment  when  tfae  slide-valve  dosM.  At 
the  beginning  of  the  engine-stroke,  the  subsidiary  piston  is  movinj; 
in  the  Game  directiou,  as  shown  by  the  arrows  in  Fig.  367,  and  in 
the  instance  of  a  light  loa,d,  a.s  illustrated  in  Fig.  368,  the  engine- 
piston,  having  less  resistance  to  encounter,  moves  off  at  a  b^her 
speed,  and  soon  overtakes  the  subsidiary  piston  moving  at  a  con- 
stant speed  under  the  control  of  the  catatuct ;  the  closing  of  the 
main  valve,  g,  is  consequently  accelerated,  causing  an  earlier 
ont-off.  With  a  heavy  load,  bm  in  Fig.  369,  the  engine- piston, 
encountering  greater  resistance,  moves  off  more  slowly,  and  the 
subsidiary  piston  has  time  to  advance  further  in  its  stroke  befon 
it  is  overtaken,  thus  retarding  the  closing  of  the  main  valve,  g, 
oausiog  it  to  cut-off  later.  At  the  end  of  the  eagine-stroke 
(Fig.  370)1  the  relative  positions  become  reversed  from  Fig.  367, 
in  remliness  for  the  commencement  of  the  return -strode.  A 
retard  uig-gonr  is  also  applied,  by  meaus  of  which  any  pause  that 
is  required  between  successive  strokes  is  ea^ly  obtained. 

It  is  now  many  years  since  this  gear  was  brought  out,  and  long 
experience  has  proved  its  perfect  reliability.  Opinions  differ  as  to 
the  relative  economies  of  the  compound  engine,  with  which  this 
arrangement  is  connected,  and  that  of  the  Cornish  engine;  but 
every  one  ia  agi^eed  on  the  merits  of  the  valve-gear,  and  it  is 
becoming  quite  common  to  tind  it  applied  to  the  Oomish  engine. 
Mr.  Davey  mentions  an  instance  during  sinking  operations  -vrhen 
the  bottom-clack  failed,  and  90  yards  of  iS-iuch  column  was  riding 
on  the  bucket,  and  the  engine  continued  working  without  any 
injury  whatever.  The  total  weight  on  the  engine  in  the  outwatd 
stroke  was  7  or  S  tons,  and  in  order  to  save  the  cylinder  covers 
from  being  earned  away,  steam  had  to  be  admitted  on  the 
opposite  side  of  the  piston,  reversing  the  ordinary  working  of  the 
engine,  and  forming  a  cushion  in  front  of  the  piston,  This  was 
entirely  accomplished  by  the  automatic  action  of  the  differontial 
valve -gear. 

Direot-aoting  Steam  Fumps. — With  any  type  of  engine 
£xed  at  the  surface  the  first  cost  is  great,  both  for  the  engine 
itfielf  and  for  its  pit  work.  As  considerable  power  is  required  to 
lift  the  great  weight  of  rods  hangiug  in  the  shaft,  the  engine  has 
to  he  mode  larger  than  if  such  were  absent.  It  has  consequently 
become  common,  instead  of  employing  such  type  of  engine^  to  fix 
the  pumps  at  the  bottom  of  the  shaft  and  force  the  water  to  the 
surface.  The  disadvantages  here  are — conveying  steam  under- 
ground,  the  difficulty  of  dealing  with  the  eshaust-steam,  aud  the 
liability  for  the  pump  itself  to  be  "  drowned,"  if  the  lodge,  or 
Bump-room,  is  uot  large. 

The  objections  to  introducing  steam  are  here  more  than  counter- 
balanced by  the  convenience  of  using  the  pumps,  for  their  porta- 
bility and  the  ease  with  which  they  may  be  worked  is  considerable. 
The  exhaust  steam,  except  with  the  larger  puuips,  can  be  got  rid 
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of  by  Hvaral  devicee.  The  liability  to  drowning  can,  to  a  certain 
extent,  he  avoided  by  fixing  the  pump  in  a  Biiecial  chamber,  and 
only  allowing  as  much  water  to  pa^s  into  it  as  the  pump  can  raise. 
This  ia  usually  done  by  a  self-acting  tap  and  ball  arrangement. 

Such  pumps  can  be  applied  to  lifts  of  a  thousand  feet,  as  the 
«at«r  is  always  Sowing  in  the  same  direction,  the  movement  dur- 
ing the  revei'sal  of  the  stroke  being  kept  up  by  an  air  i-eservoir. 
The  cost  is  low,  breakages  (ire  rare,  and  the  space  occupied  by  them 
in  the  shaft  is  small.  To  lessen  the  difficulty  of  working  the 
engine  and  keeping  tbe  room  for  it  open,  they  are  constructed 
long,  narrow  and  low. 

As  with  the  other  type,  tbey  are  capable  of  being  divided  into 
two  classes — bucket  and  plunger— and  in  addition,  may  be  single 
And  double  acting.  For  clean  wntfir,  the  bucket  pump  with  cup 
leathers  is  the  best  up  to  400  to  50a  ft.  head,  as  the  packing  is 
easily  replaced — any  ordinary  mechanic  can  do  it — and  its  coat  is 
leps  to  commence  with.  For  gritty  water  and  high  lifts  tbe 
plunger  types  are  preferable,  as  they  ai-e  outside- packed,  and  any 
leakage  is  easily  detected.  Double  acting  pumps  are  certainly 
preferable  to  single  acting  onee.  The  latter  only  deliver  water  at 
each  alternate  stroke ;  their  capacity  is  half  that  of  a  double  act- 
ing one,  and  tbe  column  of  water  is  brought  to  rest  after  each 
stroke,  and  has  to  be  started  again.  In  all  cases,  the  stroke  shoulcl 
be  mode  as  long  as  possible,  as  to  obtain  a  given  piston  speed 
fewer  strokes  are  required  ;  the  direction  of  motion  ia  not  changed 
BO  often,  there  is  leas  wear  and  tear  on  the  valvi/s,  and  less  ehock 
to  the  different  parts. 

Among  the  many  excellent  pumps  befoi-e  the  mining  public, 
those  of  Messrs.  Evans  k  Sons  are  in  gi-eat  favour.  After  con- 
Bideiing  several  types,  the  nuthov  adopted  those  of  Messrs.  Evans' 
for  hia  work.  They  are  strong,  well-designed  machines,  perform 
the  work  they  are  stated  to  do,  and  are  easQy  managed  by  any 
ordinaiy  attendant.  They  will  I'estart  them-selves  if  stopped  by 
want  of  steam,  and  require  little  supervision.  It  may  appear 
invidious toeingle out  one  particular  fii-m,  but  this  is  done  because 
it  is  impossible  to  give  descriptions  of  even  a  portion  of  the  many 
pumps  which  are  at  work,  to  which  the  remarks  made  above 
may  apply  equally  well. 

The  steam  end  of  Evans's  Coniish  pump  consists  of  an  01-diuary 
piston  fitted  with  Tonkin's  \-alve,  which  is  a  steam-moved  one, 
consisting  of  a  smaller  plunger  inside  a  larger  one,  the  latter 
carrj-ing  n  common  slide-valve.  The  steam-chest  is  placed  on  the 
side  of  the  cylinder,  and  the  bottom  of  the  st«nm-porton  the  same 
level  as  the  bottom  of  tbe  cylinder ;  the  whole  of  the  condensed 
Bteam  is  carried  out  at  every  stroke  of  the  piston,  and  the  necessity 
for  drain  cocks  avoided.  Tliere  is  no  extraneous  gear  whatever ; 
the  pumps  will  start  at  any  point  of  the  stroke,  there  being  no 
dead  centre,  and  tbey  can  be  worked  by  compressed  air.     The 
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doaUe  tictiiig  plonger  pump,  witli  the  pamp-«Dd  h&lf  id  rifirtiiw, 
is  shown  in  fig.  371. 

All  the  pomp  parts  are  of  cj^lindrical  form,  and  the  varioos 
partiaDBtreaaamngeid  that  thejuay  be  renewed  without  neceesi- 
tstiiig  an  entirely  new  pomp.  The  Talve-boxes  are  constructed 
to  work  agUDst  very  heavy  preesme,  every  valve  is  easy  of  access, 
and  may  be  readily  got  at  and  rratewed  when  reqaired. 

Widi  the  ordinary   form  uf  direct    acting  steam  pumps,  the 
motion  is  a  purely  redprocating  one.     To  make  them  work  mcrn  < 
smoothly  and  r^ularly,  and  aieo,  perhape,  with  more  eoonomj, 
fly  wheels  are  added;  such  tvpe  lose  the  advantage  of  compart- 
ness.  which  is  so  valuable  for  underground  use. 

Worthington  Ftimps. — In  this  type,  two  pumps  are  placed 
side  by  ;iide,  the  vulve  of  each  cylinder  deriving  its  motion  throuj^ 

Fio.  371. 


levers,  &c.,  coupled  to  the  piston-rod  of  the  opposite  cylindA. 
When  the  one  piston  has  nearly  complet«d  its  stroke,  the  piston 
of  the  second  cylinder  is  put  into  motion,  and  in  turn  gives  effect 
to  the  slide  valve  and  piston  of  the  first  cylinder.  The  great 
advantage  is,  that  as  the  second  piston  starts  to  move,  just  at  the 
moment  when  the  first  piston  is  completing  its  stroke,  a,  steady 
and  uniform  flow  is  obtained  in  the  delivery  main.  The  colui;!^ 
ot  water  is  never  entirely  stopped,  and  any  recoil  or  shock  is  pre- 
vented. As  one  or  other  of  the  steam  valves  is  always  open,  the 
pump  will  start  at  any  point  in  the  stroke.  At  the  present  time 
every  one  is  manufacturing  the  duplex  pump,  and  they  are  rapidly 
replacing  the  single  cylinder  form.  For  heavy  pressures,  they  aie, 
undoubtedly,  superior  to  all  others.  They  are  open  to  the  objec- 
tion that  if  one  pump  meets  with  an  accident,  both  become  useless. 
Messrs.  Evans  have  recently  patented  a  duplex  arrangeme&t  of 
their  Cornish  steam  pump,  each  of  which  hns  Tonkin's  valves,  and 
can  be  worked  independently  of  the  other  in  case  of  break-down. 
Pumps  for  Sinking. — Any  well  constructed  pump  can  be  used 
during  sinking,  but  special  types  are  manufactured  for  this  pnr- 
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pose.     Messrs.  Evans    construct    one   in    which    two 

placed  in  the  same  Btraight  line  as  the  steam  cylinder,  which  is  of 

the  ordinary  pattern.     The  lower  pump-raai  is  twice  the  diameter 

of  the  upper  one,  and  only  one  suction  valve  is  used.     All  the 

water  first  passes  under  the  lower  ram,  which  on  its  downward 

stroke  delivers  half  the  water  into  the  rising  main,  and  half  into 

the  upper  end  of  the  top  plunger.     When  the  rams  rise,  the  lower 

one  sucks  in  water,  and  the  upper  one  delivers 

that  water  which  has  passed  into  it  during  the         Fio.  373. 

downward  stroke.     An  air  vessel  is  placed  in  the 

vertical  dehvery  pipe  similar  in  construction  to 

Fig-  375- 

At  Denaby  Main  Colliery  a  special  type  of  pump 
was  designed  by  Messrs,  Bailey  ii  Co.,  which  con- 
sisted of  three  hollow  plungers.  The  upper  pair 
{a  and  b,  Fig.  372)  are  stationary,  and  over  them 
slide  barrels,  which  are  connected  to  the  steam 
piston.  From  the  lower  end  of  these  barrels  pro- 
jects the  bottom  plunger,  c,  which  works  into  the 
third  barrel,  together  with  the  two  stationary 
plungers,  and  is  secured  by  means  of  connecting 
rods  to  the  steam  cylinder;  thus,  there  are  two 
smaller  barrels  in  connection  mth  the  larger  ram, 
moving  between  the  larger  barrel  connect«d  with 
the  smaller  rams.  A  series  of  valves,  d,  consti- 
tuting the  delivery  valves,  are  placed  in  the  junc- 
tion between  the  smaller  barrels  and  the  large  ram, 
while  the  suction  valves,  e,  are  placed  at  the  bottom 
of  the  large  barrel. 

As  the  bottom  plunger  rises,  the  water  follows 
it  into  the  lower  barrel,  while  at  the  same  time 
the  water  in  the  upper  hollow  plunger  ia  forced 
into  the  rising  main.  On  the  down  stroke,  the 
water  in  the  lower  bari-el  is  forced  through  the 
lower  plunger  and  valve  into  the  upper  barrels 
and  plunger,  and  thence  into  the  rising  main  ;  the 
discharge  of  water  is  therefore  continuous.  One 
of  the  upper  plungers,  b,  is  open  at  the  top,  and 
forms  the  discharge  orifice   for  the  water;    the  t-^" 

other,  a,  ia  closed,  forming  an  air  vessel,  which  is 
kept  continnoosly  charged  with  air,  as  a  suitable  snifting  valTe,y, 
is  fitted  to  that  side  of  the  pump  and  below  the  discharge  valvee. 
It  permits  a  small  quantity  of  air  to  be  taken  in  with  every  up- 
stroke of  the  pump. 

Arrangement  of  Supply  Pipes,  &g. — For  succes.sful  work- 
ing, a  great  deal  depends  on  the  arrangement  of  the  suction  and 
delivery  pipes.  The  bends  should  be  made  as  large  as  possible, 
and  suitable  air   vessels  are   a   necessity.      Perhaps    the    beat 
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arrangement  I'?  that  bIiowhi  in  Fig,  373.  The  suction  pipa  is 
attached  to  the  end  of  the  pump,  and  ita  lower  length  is  pro- 
vided with  a  foot  valve,  b,  which  always  keeps  the  pipea  and 
cylinder  charged  with  water,  and  prevents  the  pump,  on  being 
Ktafted,  from  having  to  free  both  itself  and  the  suction  pipes 
from  air.  For  gritty  water,  a  strainer,  c,  is  introduced  in  the 
suction  pipes,  and  serves  to  prevent  any  coarse  matter  pasang 
into  the  pump.  A  retaining  valve  should  be  placed  between  tin 
«nd  of  the  pump  and  the  commencement  of  the  dehvery  main, 
so  that  when  any  repairs  are  necesKary,  the  pressure  of  water  i» 
kept  off  the  pump.  For  charging  the  suction  if  at  any  time  it 
loses  water,  a  Hhoi't  length  of  pipe,  a,  with  a  suitable  valve  ii 
inserted  between  the  suction  and  the  dehver'y  pipes,  of  course, 
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teyond  the  retaining  valve.  Where  the  suction  pipe  ia  long,  il 
is  just  as  necessary  that  an  air  vessel  should  be  placed  on  it 
as  on  the  delivei-y  side.  This  is  best  done  by  carrying  the 
suction  pipe  upwards  and  introducing  a  tee-pipe,  d.  This  cluunbtr 
win  easily  be  extended  by  adding  ordinary  pipes  and  putting  a 
bliLok  Sange  at  the  top. 

Air  VeaaelB, — Direct  acting  steam  pumps  always  work  bettv 
with  air  vessels,  although  theii"  utility  is  much  qneetioned. 
Water  being  an  incompressible  fluid,  some  elastic  medium  hu 
to  be  introduced  to  I'csist  the  shocks  due  to  stopping  and  starting 
the  column.  Sometimes  a  pump  works  just  m  well  (or  rather  »a 
badly)  with  an  air  vessel  as  it  did  without  one,  but  this  is  not 
the  fault  of  the  air  vessel ;  it  is  more  probably  due  to  its  impraprr 
pusition,  insufficient  siiie,  and  lack  of  attention.  In  the  &itt 
place,  the  air  vessel  should  be  so  situated  that  the  air  in  thai 
water  tends  to  come  biu*k  into  it  and  not  to  flow  past  it    A 
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very  good  rough  aiTfltigeineBt  is  shown  in  Fig.  374,  but, 
perhaps,  the  best  is  Fig.  375,  wliere  all  the  water  has  actunUy 
to  flow  right  through  the  air  vessel. 

Then  as  to  its  size.  What  may  appear  to  be  a  large  chamber 
is  fitted  on  to  a  pump,  but  it  must  be  remembered  that  it  is  only 
charged  with  air  at  atmospheric  preaeure.  With  a  lift,  Bay,  300 
feet,  the  pressure  per  square  inch  would  be  roughly  150  Iba..  and 
immediately  the  pump  starts  to  work,  the  water  will  compress 
the  air  in  the  air  chamber  with  thifi  pre^ure,  and  neceteurily 
reduce  its  bulk ;  tlierefore  instead  of  having,  say,  10  cubic  feet 
of  air  in  the  chamber,  the  volume  under  the  above  load  is 
i-educed  to  I  cubic  foot.  It  is  also  suggested  that  the  air  enters 
into  mechnnical  combinatioD  with  the  water  under  this  heavy 
pressure,  just  in  the  same  way  as  it  does  in  mineral  waters,  and 
tliat,  sooner  or  later,  unless  it  b  attended  to,  the  air  chamber 
gets  completely  filled  with  water, 

Neglect  of  counteracting  these  causes  has  in  many  cases  made 
air  vessels  quite  useless,  and  has  given  them  a  bad  name,  but  with 
proper  attention  they  will  do  eveiything  that  is  claimed  for  them. 
They  never  work  weU,  unless  means  are  adopted  to  keep  them 
properly  charged  with  aii',  and  the  air  so  introduced  should  be 
above  atmospheric  pressure.  The  better  plan,  although  it  entaiht 
a  little  expense,  ia  to  employ  a  small  force  pump,  worked  by  the 
piston-rod  of  the  pump,  which  delivers  a  small  quantity  of  air  into 
the  air  ve.'isel  with  each  stroke. 

Condensing  ArrangemoDts. — Where  the  diameter  of  the 
steam  end  is  not  double  that  of  the  water  end,  the  e.\haust  Steam 
can  be  easily  got  rid  of  in  several  ways.  If  the  ste«m  end  is 
large,  and  the  pump  end  small,  the  volume  of  exhaust  steam  is  en 
great  that  the  water  is  heated  too  much.  Often  the  exhaust  is 
turned  into  the  suction  pipes  simply  with 
ordinary  pipe  connections;  but  a  far  more 
successful  arrangement  is  Holman's  conden- 
ser, as  applied  by  Messrs.  Tnngyea  to  their 
steam  pump3(Fig.  376).  Avacuumof  from 
8  to  10  lbs.  is  easily  obtained,  and  back 
pressure  removed.  The  apparatus  consists 
of  one  or  more  double-beat  valves,  and  the 
steam  is  introduced  in  annular  streams  to 
meet  the  suction  water  passing  to  the  pump. 

A  condenser,  acting  in  a  very  similar 
m.inner,  is  made  by  Messrs.  Hayward,  Tyler 
A  Co.  The  aim  of  this  appliance  is  to  dis- 
tribute the  steam  as  much  as  possible  in 
order  that  a  large  surface  may  be  operated 

upon,  and  the  condensation  be  coiTaspondingly  rapid.  Where 
such  appliances  are  used  some  >'alve  has  to  be  introduced, 
to  allow  the  exhaust  steam  to  be  tunied  into  the  almo.'^phure 


Fig.  376. 
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whenever  required.  When  the  pomp  is  first  started,  before  thp 
pipes  are  thoraughlj  filled  with  water,  some  such  device  is  &b»- 
lately  necessary.  Any  ordinary  two-way  valve  will  perform  tie 
operation. 

Calcnlatioiis  as  to  the  Size  of  Fumps. — The  me  of  a 
pump  to  perform  a  certaio  amount  of  work  is  easily  obtained  by 
A  simple  method  of  reasoning.  As  an  illustration  of  how  such 
iflilone  an  actual  exnm pie  is  given.  Atacollieryundertheaathor'^ 
charge,  water  wag  raised  hy  winding  it  in  a  tank ;  and  by  measure- 
ment it  was  found  that,  after  allowing  for  slip,  10,000  galls,  an 
hour  had  to  be  dealt  with,  or  166  galls,  per  minute.  The  first 
point  to  decide  is  the  piston  speed  ;  many  authorities  say  that  this 
may  be  from  zoo  to  300  feet  per  minute.  There  is  no  doubt  thai 
sucb  velocity  can  be  used,  but  no  pump  makers,  who,  after  all, 
are  the  best  judges  of  the  capacities  of  the  machines,  woulJ 
recommend  such  speed  for  regular  working.  By  common  consent, 
a  good  and  safe  velocity  may  be  taken  at  100  ft.  per  minute.  If 
166  galls,  have  tA  be  delivered  every  minute,  and  the  piston 
speed  be  100  ft.,  1.66,  or,  say,  t.7  galls,  will  be  delivered  for  each 
foot  the  pump  works,  if  it  is  a  double-acting  one. 

One  gallon  of  water  contains  377.25  cubic  inches,  therefore 
1.7  gall.  X  277.25  =  471.325  cubic  mchee  of  water  have  to  be 
delivered  for  each  foot  the  pump  works. 


■    ^^■■3^S 


=  39.277 


is  the  area  in  sq.  inches  of  the  required  water  column. 

If  the  piston-rod  of  the  pump  is  put  at  3  in.  diameter,  its  area 
will  be  7.068  in.,  and  this  added  to  the  area  of  the  water  column 
makes  the  area  of  the  required  plunger  to  be  ' — 

39,277 -H7.o68=46-34S  »<J-  in. 
■•,  diameter  of  required  planger     /^2l}*1= 

The  height  to  which  water  had  to  be  lifted  w 
pressure  per  sq.  in.  will,  therefore,  be  : — 


4oox.433  =  i73.a 


.-.  total  pressure =39.277*  x 


The  steam  pressure  available  was  60  lbs.  per  sq.  in. 
of  the  steam  cylinder,  thertfore,  should  be  r — 
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One  hnlf  of  thia  area  should  be  added  fot-  frictionol  reaistaDce, 
Ac.,  making  the  aroa  1 70.07  sq,  iu. 

,■,  dUmetor  of  Bteam  cy]inder=     /  J"'"'.  — 14.743  in. 

or  practically  15  inches. 

Fi-om  thef^e  results  11  pump  was  put  to  work,  having  a  Btoam 
cyliader  16  in.  diameter,  and  7^  in.  rams,  and  has  dealt  tvith  the 
quantity  of  water  it  was  intended  for. 

In  determining  the  quantity  of  water  a  pump  of  a  given  size  will 
deliver,  the  tonverse  oE  the  preceding  calculationB  can  easily  be 
made.  When  the  piston  speed  ia  known,  all  that  has  to  be  done 
is  to  find  the  area  of  the  rams,  remembering  that  the  area  of  the 
piston-rods  must  be  taken  out,  as  the  watei*  cannot  occupy  thc- 
£pace  that  they  take  up  in  the  pump  chamber. 

The  quantity  so  found  is  the  theoretical  one,  but  is  never  reached 
in  practice,  owing  to  the  occurrence  of  what  is  known  as  "  slip," 
Neither  the  suction  nor  delivery  valves  can  be  instantaneously 
opened  or  closed,  and,  as  a  result,  the  piston  does  not  discharge  its 
theoretical  volume  at  each  stroke  ;  a  cei'tniu  quantity  is  forced 
back  into  the  suction  during  the  delivery  stroke,  and  nnother 
quantity  escapes  buck  into  the  piuup-chamber  ou  the  retui'n 
stroke.  The  amount  depends  entiiely  on  whether  the  pump  ia  in 
efficient  working  order  or  not.  Withthe  beat  constructed  varieties 
in  good  order,  the  loss  or  nhp  will  not  amount  to  more  than  3  per 
cent,,  but  it  may  increase  from  that  to  anything  if  the  valves  are 
worn,  or  if  an  obstruction  gets  beneath  them  and  prevents  their 
clo'fing. 

Effect  or  Add  Water. —Water  containing  sulphates  and 
chlorides  ho-s  a  moat  injurious  eti'ect  on  the  working  parts  of 
pumps.  Even  when  present  in  small  qnantitics  their  influence 
soon  makes  the  working  ports  rough,  wtucb  either  cuts  away  the 
bucket  leathers  or  grooves  the  plungers.  Free  sulphuric  and 
hydrochloric  acids  ai-e  contained  in  many  mine  waters,  and  are 
specially  objectionable.  To  prevent  this  action  the  working  parts 
are  generally  lined  with  gun-metal  with  satisfactory  results.  It 
it)  eopeuHve,  but  there  is  no  other  alternative, 

Draining  Seep  Workings. — It  the  shaft  is  at  the  lowest 
point  the  water  may  easily  be  conveyed  fi-om  tlie  working  places 
to  it  and  rai-sed  to  the  surface,  but  if  the  shaft  is  on  a  higher  level 
than  the  workings  the  problem  becomes  a  far  more  difficult  one. 
With  small  quantities,  the  common  way  is  to  load  the  water  into 
special  tuba  and  convey  them  to  the  sliaft  in  the  same  manner  as 
tbe  mineral,  or  hand-pumps  can  be  employed.  Both  of  these 
opeiationa  are  very  costly. 

If  the  height  to  which  the  water  has  to  be  lifted  is  not  very 
_'reat,  large  quantities  con  be  removed  from  deep  workings  by  the 
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use  of  a  syphon,  the  ptindple  of  which  is  shown  in  Fig,  377.  If 
the  tube,  a  b  c,  is  filled  with  water  and  open  at  both  ends,  the 
water  natui-ally  falls  out  of  the  end,  o,  which  is  the  lowest,  and 
creates  a  vacuum  at  the 
point,  6.  Now  if  the  end, 
a,  be  connected  with  a 
reservoir  of  water  the  pres- 
sure of  the  atmosphere  at 
that  point  will  force  water 
niongafito  fill  the  Tacuum. 
and  a  constant  flow  will 
pass  from  a  to  c  under 
certain  conditions.  One 
condition  is  that  the  ver 
tical  height  from  a  to  6,  or  the  height  A,  must  not  be  more 
than  that  which  the  pressure  of  the  atmotiphere  will  supply. 
This  theoretical  height  is  never  reached,  owing  to  the  frictiim 
of  the  water  in  the  pipeti  nnd  the  reeistance  caused  by  the 
introiluctioii  of  certain  valves  which  are  necessary  for  the  suc- 
cessful working  of  the  syphon.  Practice  proves  that  it  cannot 
with  safety  be  more  than  27  ft.  The  otber  condition  is  tiiat 
the  discharge  orifice  must  be  lower  than  the  inlet ;  ifc  is  also 
advisable  that  the  gradient  should  be  as  uniform  ns  poaeible,  or  air 
■will  collect  in  the  bend,  and  the  sj-phon  cease  to  work,  ^deed, 
where  the  pipes  are  undulating,  as  they  sometimes  have  to  be, 
discharge  cocks  must  bo  placed  at  each  bend  in  order  that  the  pipes 
can  be  always  freed  from  air.  The  discharge  orifice  should  be  as 
far  below  the  inlet  as  is  possible,  for  the  velocity  of  efflux  is 
represented  by  the  pressure  B — A. 

Where  pumps  are  used,  a  small  pipe  should  be  led  from  the 
rising  main  into  the  syphon  to  allow  water  to  be  taken  out  and  the 
syphon  filled,  if  any  leakage  has  taken  place.  A  clack  of  a  very 
light  coDStruction  should  be  fixed  at  the  inlet  end  to  prevent  the 
water  ftowing  out  when  not  at  work,  and  a  tap  should  also  be 
introduced  in  the  drop- leg  to  regulate  the  flow. 

If  the  height  exceeds  37  ft.  other  means  have  to  be  idopted, 
the  commonest  of  which  is  that  where  horses  are  used,  a  throiv-  , 
pump  being  worked  by  bevel  gearing.  This  is,  perhaps,  the  most 
arduous  work  to  which  horses  can  be  put,  and  they  are  unable  to 
I'emain  at  it  for  any  length  of  time ;  it  is  also  slow  and  costly. 
The  horses  are  soon  worn  out,  and  something  else  must  be  employed. 
If  power  transmitted  by  wire  ropes  passes  the  place  when  the 
pumps  sre  situated,  or  any  point  near,  it  becomes  a  very  ample 
matt«r  to  caiTy  an  off-shoot  to  a  pulley,  which  then  takes  the 
place  of  a  horse.  The  endless  rope  system  is  particulai'ly  suitable 
for  such  arrangement.  A  clutch  can  be  iiKed  to  the  piunp,  which 
can  be  set  to  work  whenever  required. 

Where  compressed  air  is  availiibie,  pumps  can  be  driven  by  it 
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which  woi'fc  very  satis- 
capable  of  dealing  with  large 


y  and  cheaply ;  several  are  d 

factorily  with  such  a  power,  and  a. 
(jiiantitiea  of  water. 

Hydraulic  Power. — Where  pumping  appliances  are  fixed  in 
the  shaft,  hydmulic  engines  are  often  employed  to  pump  from 
deep  workings  into  the  sump,  the  power  to  drive  them  being 
obtainedfrom  therisingm&in  of  thepumps.  Their  action  depends 
on  the  principle  that  a  small  quantity  under  heavy  pressure  is 
equal  to  a  large  quantity  at  a  gmall  pressure,  or  having  a  head  of 
water  of  600  or  700  feet  in  the  rising  main,  a  small  quanbtl^  of 
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conveyed  to  the  deep,  and  lift  a.  larger  quantity  of  water 
into  the  sump  for  a  height  considei-ably  leas. 

A  common  construction  of  such  engine  is  employed  at  Tees 
Hetton  Colliery,  Durham,*  and  is  shown  at  Fig.  378.  It  consists 
of  a  motor  cylinder  of  special  de.-iign,  provided  with  controlling 
valves,  and  connected  through  a  ati'ong  base  plat«  to  the  pump,  which 
IB  of  tlie  ordinary  type.  The  piston  of  the  motor  cylinder,  a,  is  con- 
nected direct  to  the  piston  of  the  pump,  c,  and  the  latter  is  provided 
with  a  croaa-head,  d,  which  serves  to  actuate  the  tappets  on  the 
tappet-rod,  e.  The  small  auxiliary  valve,  J,  is  operated  by  the 
tappet-rod,  e,  through  the  lever  and  valve  rod,  g,  thus  admitting  the 
drive  water  to  either  end  of  the  piston,  h,  which,  in  its  turn,  en- 
gages the  main  slide  valve,  j,  and  admits  drive  water  to  the  motor 
piston,  k.  The  latter  accordingly  makes  its  stroke  until  arriving 
at  the  opposite  tappet,  when  the  motion  Is  reversed.  The  exhaust 
fi-om  the  motor  cylinder  is  discharged  on  the  upper  aide  of 
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tbe  delivery  valvee  in  the  pump,  and  passes  &wny  to  the  msis 
pumping  engine.  The  controUuig:  vnlveH  of  the  motor  cylinder 
are  composed  of  lignum-vitw,  na  this  wood  requires  no  farther 
lubricatioD  than  is  afforded  by  the  wnter.  The  pressure  oa  tha 
motor  piston  of  the  pump  was  roughly  230  lbs.  per  aq.  in.,  tutd 
by  means  of  this  pressui-e,  7000  galls,  per  hour  were  forced  to  ■ 
height  of  156  feet. 

Sloort'a  Arrangement* — An  hydraulic  engine  ot  a  totally  differ- 
ent class  is  that  designed   by  Mr.  Joseph   Moore,  ivhere  two 
columns  of  w&ter  are  substi- 
Fio.  379.  tuted  for  the  ordinary  solid 

rods  connecting  the  BtfAin- 
engine  to  the  pump.  Tba 
acUon  will  best  be  seen  frooi 
tbe  diagrammatic  repreeea' 
tation{Fig.  379).  A  cylinder, 
a  b,  at  the  surface,  having  a 
piston  p  is  driven  in  the 
ordinary  way  by  a  steam 
engine,  and  each  end  of  this 
piston  is  connected  to  each 
end  of  a  smaJler  cylindn*, 
o  d,  situated  undergrouml, 
having  a  pittton,  q,  and  con- 
nected through  a  pigton-rod 
to  an  ordinary  double  acting 
pump.  The  pipes  and  the 
cylinders  are  ail  full  of  water. 
When  the  surface  piston  p 
moves  from  a  towards  b,  water  is  forced  down  the  pipe  «  and 
moves  over  the  piston  j  towards  d;  when  the  piston  p  reverBee 
its  motion,  the  piston  g  is  also  reversed. 

The  success  of  the  appliance  is  due  to  an  arrangement  whereby 
tbe  stroke  of  the  rsms  Ls  adjusted,  as  without  some  such  appliuue, 
should  there  be  any  leakage  in  one  of  the  power  pipes,  tbe 
plunger  at  the  bott<)m  would  make  a  shorter  stroke  in  <Hie 
direction  tbnn  in  the  other,  and  would  work  towards  the  end, and, 
unless  there  weie  some  regulator,  knock  off  the  cylinder  cover. 
It  will  be  noticed  that  the  pipe  g  h  connects  the  two  power 
pipes  t  and/.  In  this  pipe  are  two  valves,  3  and  k,  opening  in 
opposite  dii'ections,  the  former  closing  against  prepare  from 
pipe  e,  and  tbe  latter  against  pressure  from  f.  Thei^e  valves  are 
opened  by  tappets,  m  and  I,  set  apart  a  few  inches  more  than  the 
length  of  the  stroke.  If  the  pipe  e  leaks,  the  piston  q  will  not 
n^nke  as  long  a  stroke  as  it  should  do,  and  stops  short  of  d.  In 
the  return  stroke,  when  the  piston  q  has  travelled  aa  far  as  it 
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safely  should  do,  and  before  the  pistoo  p  on  the  surface  has  com- 

plii-ted  its  stroke,  the  projection  a  catches  the  tappet  I  and  opens 
the  valve  A.  The  pressure  of  water  in  /  is  now  free  to  lift  the 
valve  J,  iin<i  to  run  into  e,  immediately  equalising  the  pressure  on 
both  sides  of  the  piston  q  and  stopping  it.  The  water  displaced 
by  the  remaining  part  of  the  stroke  of  the  piaton  p,  passes 
through  the  valves  from  one  power  pipe  to  the  other. 

The  power  pipes  are  kept  chai-ged  from  a  tank  placed  above 
the  level  of  the  highest  point.  There  is  a  valve  opening  inwards 
OD  each  of  them,  and  when  the  piston  p  makes  the  return  stroke, 
enough  water  is  sucked  in  to  make  up  any  leakage.  A  con- 
siHerable  number  of  these  engines  are  at  work,  and  it  is  stated 
that  diagrams  taken  from  one  working  at  the  Shotts  Iron  Co.'s 
Collieries,  Edinburghshire,  show  that  66.26  per  cent,  of  the  work 
shown  in  the  indicator  diagram  of  the  steam-engine  is  got  out  of 
the  pump. 

Eleotrioity.— The  use  of  electricity  in  mines  was  first  called 
into  requisition  for  pumping,  and  by  far  the  larger  number  of 
installations  are  still  applied  to  such  a  purpose.  An  electric 
motor  can  be  readUy  connei^ed  to  a  pump,  either  by  gearing  or 
belts.  The  convenience  of  electricity  is  such  that  in  a)l  installa- 
tions of  the  last  few  years,  scarcely  anything  else  has  been 
employed  in  pumping  from  deep  workings.  Innumerable  instances 
could  be  quoted  of  its  success,  but  for  our  purpose  we  may  best 
refer  to  the  lirst  pumping  plant  and  its  additions,  whicii  were  put 
down  by  Mr.  Brain,  at  Trafalgar  Collieiy,  Gloucestershire.*  This 
commenced  working  in  December  1882,  and  att-iiued  such  success 
that  three  additiooal  plants  were  erected  in  May  1887,  and  are 
now  doing  the  larger  part  of  the  underground  pumping. 

The  Inst  installation  consists  of  a  double  throw  9  in.  plunger,  by 
10  in.  stroke,  situated  2220  yards  from  the  generator,  and  1650 
yards  from  the  bottom  of  the  shaft ;  the  pipe  main  is  7  in.  in 
diameter,  and  at  a.  maximum  speed  of  35  strokes,  the  pump  lifts 
120  gallons  per  minute,  300  ft.  high.  The  current  is  conveyed  to 
the  motor  by  a  copper  conductor  consisting  of  ^  wire,  insulated 
and  carried  on  earthenware  cups.  The  E.  M.  F.  is  32a  volts,  and 
the  current  required  is  43  amperes.  The  cost  of  the  engine  and 
the  electrical  plant  was  ^644 ;  the  weekly  cost  for  maintenance, 
including  15  per  cent,  for  depreciation  and  interest  on  capital,  is 
^7  J  7a.  or  .oozd,  per  horse  power  per  hour.  The  efficiency 
attained  throughout  was  only  35  per  cent.,  but  the  engine,  which 
is  an  old  one,  loses  6.49  horse  power,  or  22  per  cent,  sJone ; 
excluding  loss  in  the  engine  the  efficiency  is  45  per  cent. 

With  the  aid  of  accumulators,  or  secondary  batteries,  in  which 
the  current  of  electricity  can  be  stored  and  carried  about,  smali 
Auautities  of  water  at  inaccessible  points  can  be,  and  have  been, 
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dealt  with  in  mines.  These  act^umulators  can  be  pleoed  on  a 
carriage  and  taken  anywhere  required.  A  suall  inobor  and  pomp 
on  a  second  carriage  are  aleo  arraoged,  and  aooompanj  tlw 
aiHTuinuIatorR. 

Folsomster. — When  describing  the  methods  of  dealinj;  with 
water  during  sinking,  reference  was  made  to  the  pulsamcrter, 
which  is  also  largely  employed  for  droning  deep  worldngB.  It 
consumes  a  great  deal  of  steam,  ^ut  its  advantage  is  thai  it  will 
pump  nearly  everything  that  will  go  through  the  valves  JJo 
matter  how  gritty  or  dirty  the  water  ia,  it  works  ne&rly  as  well 
as  if  it  were  quite  clean.  Its  peculiarity  consiBte  in  there  not 
being  any  eteam  cylinder, 
FiQ.  3S0.  piston,      piBton-rods,     or 

bucket,  aa  ia  usual  in  Uw 
ordinary  form  of  pump, 
Its  construction  is  shown 
in  Fig.  380.  It  consists* 
of  two  pear-shaped  water 
chambers,  a  a,  the  sir 
chamber,  6,  the  euctioii 
passage,  c,  and  the  de- 
livery passages,  d  d, 
which  communicate  witb 
the  discharge  pipe.  Steam 
is  admitted  to  eitber  of 
the  cliambei's,  a,  th:'oitgh 
the  pipe,  e,  but  the  direc- 
tion is  controlled  by  a  ball- 
valve,  /,  which  is  capable 
of  oscillating,  and  closes 
each  passage  alternately; 
g  g  ai-e  the  suctiou-volves, 
which  are  of  the  ordinary 
Bap  form,  and  are  pre- 
vented going  too  far  by 
the  stops,  h  h.  It  should 
be  especially  noticed  that 
the  delivery  passages,  d  i, 
commence  in  each  of  the 
water  chnmbera  ju!=t  above  the  snetioQ- valves. 

The  action  of  the  iipparatue  is  as  follows : — When  the  two 
chambers,  a  a,  are  full  of  water,  if  tteam  be  admitted  through 
the  opening,  e,  it  will  pass  into  tbat  chamber  which  is  not 
closed  by  the  ball-valve,  _/",  and  i*apid!y  depressing  the  water 
in&otU  causing  amj  agitation,  will  force  it  through  the  deliveiy 
ohunber,   d,  into    the    rising    main.       Thib    action    oontinuee 
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iiatil  the  water  is  depressed  to  the  top  of  the  passage,  d,  when 
the  stea,m  attempts  to  rtiah  through  this  opening,  end  in  doing 
BO  violently  agitates  the  surEoce  of  the  water.  Immediately  thia 
takes  place,  iiietant  oondenKation  follows,  and  a  vacuum  ia  pro- 
duced in  the  chamber.  This  sucks  over  the  ball-valve,  and 
divert*  the  live  steam  into  the  other  chamber,  depressing  in  turn 
the  Witter  there.  While  this  is  going  ou  the  vacuum  in  the 
first  chamber  sucks  up  the  water  through  the  pipe,  0,  and  lifts 
the  suction -valve,  ff,  W^hea  condensation  takes  place  in  the 
second  chamber,  as  it  will  do  as  soon  as  the  water  is  lowered  to 
the  top  of  the  discharge  orifice,  d,  the  ball-valve  is  again  sucked 
over,  and  live  steam  diverted  into  the  first  chamber.  The  suction- 
valve  then  closes,  and  the  water  is  discharged  as  heforej  first  one 
chamber  and  then  the  other  is  filled  and  emptied. 

Dams. — It  ia  often  necessary  to  put  in  stoppings,  called  "  dams," 
to  prevent  water  passing  from  one  part  of  the  mine  to  another. 
On  the  Continent  wooden  dams  are  most  in  favour,  while  in  this 
country  masonry  is  generally  employed.  The  advantages  of  the 
former  ai'e  that  if  the  wood  is  perfectly  dry  when  put  in,  the 
moisture  eipands  it  and  makes  the  structure  more  water-tight, 
and  any  movement  in  the  surrounding  strata  is  not  so  liable 
to  dislodge  or  crack  the  wooden  dam,  a«  it  is  a  masonry  one. 
Owing,  however,  to  the  convenience  and  ease  with  which 
bricks  can  be  obtained  and  put  in  position,  their  use  is 
becoming  common,  even  in  districts  where  wood  was  formerly 
employed, 

In  putting  in  permanent  dams  the  first  thing  is  to  select  some 
spot  where  the  strata  is  of  an  Impervious  character  and  quite 
free  from  cracks.  Dams  ai-e  invariably  wedge-shaped,  with  the 
broader  end  towards  the  pressure.  If  this  be  heavy,  two  or  three 
wedges  are  built,  one  against  the  other.  In  preparing  the  ground, 
nothing  but  the  pick  and  chisel  should  be  employed;  the  sides, 
floor,  and  roof  are  carefully  dressed  to  the  required  shape,  and 
covered  with  Portland  or  other  cement,  to  obtain  a  hard  and 
proper  surface  to  receive  the  masonry.  Good  hard  burnt  bricks 
should  be  employed,  and  the  lime  should  be  of  an  hydrauUc 
character. 

To  pa^  the  water  from  one  side  to  the  other  while  building  is 
going  on,  a  pipe  is  invariably  built  through  the  lower  part  of  the 
dam,  this  being  fitted  with  a  valve  at  one  end,  which  can  be 
closed  when  the  work  is  finished,  A  second  pipe  of  smaller 
dimensions  is  also  built  through  the  dam  near  the  top,  and  its 
inlet  end  carried  into  a  cavity  in  the  roof,  the  object  of  this  being 
■pD  ensure  the  removal  of  the  Lost  trace  of  air  from  behind  the 
'  km,  which  is  a  point  of  the  greatest  importance.     The  water 

le  of  the  dam  is  often  covered  with  either  tarred  sheets  or  well 
puddled  clay,  either  of  which  will  preserve  it,  and  prevent  leakage 
should  it  become  much  cracked. 
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CHAPTEE  XI. 
VENTILATION. 


Importance. — It  k  most  importaut  th»t  mioes  should  be 
properly  ventilated.  Ail  coals  give  off,  to  a  more  or  less  greater 
esieot,  a  quantity  of  deleterious  gases,  whicli  hnve  au  injurious 
effect  on  the  human  life,  even  if  they  are  not  explosive.  In  ad- 
dition the  breathing  of  men  and  of  other  animals,  and  the  burning 
of  illuminante,  render  nir  impure.  It,  therefore,  becomes  necessary 
that  a  vigorous  current  o(  cool,  fresh  air  should  be  circulated 
through  the  galleries  and  the  worki ng- places ;  indeed,  General 
Kule  I.  of  the  Mines'  Regulation  Act,  1887,  malcefi  euch  a  current 
compulsory,  but  even  if  such  were  not  so,  it  really  pays  to  have 
good  ventilation,  aa  men  are  not  only  capable  of  doing  a  greater 
quantity  of  work,  but  they  do  it  with  greater  comfort  and  are  far 
more  contented. 

The  quantity  of  air  requii-ed  in  a  given  mine  depends  prin- 
cipally on  tlio  volume  of  gases  produced  by  the  coal.  The  quantity 
of  gas  given  off  does  not  always  inci-ease  as  the  workings  become 
more  extensive,  as  it  principally  depends  on  the  area  of  freshly 
exposed  coal  surface.  If  bord  anil  pillar  working  be  adopted,  a 
quantity  of  gas  will  be  given  off  while  the  exploring  work  is 
being  done,  but  as  the  pillars  are  large  blocks  of  coal,  up  to  50 
yards  squai'e  or  more,  the  comparatively  narrow  (2  to  5  yards) 
places  driven  to  form  the  pillars,  cannot  liberate  the  whole  of 
the  gas.  When  the  second  or  broken  workings  are  proceeding, 
wider  places  are  driven  and  the  coal  is  got  more  earaly,  so  that 
more  cool  is  being  worked  per  man  per  shift,  and  more  gas  is 
liberated.  With  long  wall  working,  as  the  workings  get  more 
extensive,  a  greater  area  of  face  is  opened  out,  and  consequently 
more  gas  will  be  given  off.  The  best  plan  is,  therefore,  to  make 
the  amount  of  air  proportionate  to  the  output  and  to  increase 
the  current,  if  exploratory  work  is  proceeding.  It  is  often 
stated  that  the  amount  of  air  passing  should  be  regulated  by 
the  number  of  men  employed.  Of  course,  if  the  output  increases, 
the  number  of  men  generally  increases  also,  but  the  better  plan  is 
to  be  guided  by  the  output,  which  is  the  practice  of  the  Borinage 
district  of  Belgium,  which  is,  probably,  the  most  fiery  in  the  world. 
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Oases  met  with  in  Mines. — Atmoepheric  air  in  ita  pare 
sbite  u  ft  mixture  of  two  gased,  nicrogeo  and  oxygen,  but,  as 
generally  found  in  Nature,  it  contains  small  quantities  of  anothet 
gas,  carbonic  acid,  and  of  aqueous  vapour.  The  oxygen  is  the 
Lfe-supporting  element,  the  nitrogen  acting  simply  as  a  diluting 
agent.  Dry  air  is  composed  of  79  per  cent,  by  rolume  of  nitro^tn 
gas  and  31  per  cent,  of  oxygen.*  In  breatlung,  ULen  and  other 
animals  take  air  into  their  lungs,  and  pai't  of  the  oxygen  com- 
biner with  carbon,  forming  carbonic  add,  whilst  the  nitrogen  is 
unaltered  ;  the  same  result  follows  the  burning  of  lights. 

Carbonic  Acid  is  known  to  the  miner  as  black-,  or  choke-damp, 
or  stythe.  Its  presence  is  common,  and  is  due  to  tha  combustion  of 
iUuminants,  respiration  of  men  and  horses,  combustion  of  blasting 
explosives,  decomposition  of  pit  timber,  and  often  exadatdon  from 
the  coal.  It  is  chemically  composed  of  carbon  and  oxygen ;  its 
^mbol  is  CO,,  and  it  has  a  specific  gratity  of  t.53.  As  it  is  cod- 
Biderably  heavier  than  (ur,  it  tends  to  occupy  the  lowest  part  of 
the  mine.  In  its  pure  state  it  baa  no  colour,  but  has  a  peculiar 
sharp,  but  not  sour,  odour  and  taste.  Its  presence  is  manifested 
by  its  influence  on  the  flame  of  a  candle,  as  it  will  not  support 
combustion.  Its  effect  on  human  life  is  dependent  upon  the  pro- 
portion present.  Over  3  per  cent,  produces  sloopiness,  while  with 
10  per  cent,  the  motion  of  the  heart  is  temporarily  suspended. 
On  the  Continent,  outbursts  of  carbonic  acid  are  frequent,  and 
are  in  every  respect  similar  to  those  of  fire'damp.  The  blowers  are 
generally  found  in  the  vicinity  of  faults.  At  Toulane  Pit,  Bocbe- 
belle,  one  blower  filled  500,000  cubic  feet  of  workings  in  less  than 
ten  minutes,  and  disengaged  over  400  tons  of  coal. 

Carbonic  Oxide  is  variously  known  as  carbon  monoxide  and 
white-damp.  Its  chemical  symbol  is  CO  and  specific  gravity  0.97- 
Luckily  its  presence  is  much  less  frequent  in  minee  than  black- 
damp,  as  it  is  far  more  poisonous  than  that  gas.  As  little  aa  i 
per  cent,  produces  giddiness  and  faintness,  while  over  2  per 
cent,  may  cause  death,  Indeed,  ^  per  cent,  breathed  for  any 
length  of  time  is  fatal.  Carbonic  oxide  is  known  by  its  sweet  and 
dehcate  odour  and  deadly  results.  Candles  burn  well  in  this  gas, 
if  anything,  a  little  brighter,  although  their  flame  is  not  elon- 
gated until  13^  per  cent,  is  present.  It  is  produced  by  imperfeiA 
combustiou,  and  especially  by  spontaneous  ignition. 

Sulphuretted  Hydrogen  is  not  found  in  laige  quantities.  Its 
chemical  symbol  is  SH„and  specific  gravity  1.17.  It  arises  from 
the  decomposition  of  timber  in  water  containing  sulphates  in 
solution,  or,  to  a  smaller  extent,  from  blasting,  especially  if  inferior 
cjheap  gunpowder  is  employed.  It  has  an  injurious  effect  on  life, 
does  not  support  combustion,  and  burns  with  a  blue  flame.  Its 
presence  is  immediately  detected  by  a  characteristic  and  oS'enmve 
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lAgJU  Carburaied  Eydrogen. — This  gas,  known  as  fire-damp,  is  I 
i  one  commoulj'  found  in  mines,  and  to  which  explosioi 
ncipally  due.  It  consists,  in  the  pure  state,  of  carbct 
ydrogen,  its  sTmbol  being  CHi  and  specific  gravity  0,559.  Tha  ' 
ire-damp  of  the  miner  is,  more  correctly  e[)eaking,  tt  mixture  of 
several  gnses,  the  iRrgest  proportion  being  carburett«d  hydrogen. 
Other  hydrocarbons,  with  hydrogen,  carbonic  oxide,  oxygen,  and 
nitrogen,  are  generully  present,  the  quantities  of  such  gases  vary- 
ing considerably  in  almost  every  collieiy,  and  often  in  different 
districts  of  the  same  pit. 

The  coal  itself  is  the  principal  reservoir  of  the  gas,  where  it  is 
held  in  the  pores  or  cells  in  a  state  of  more  or  less  high  tension. 
Different  gases  exuded  from  the  coal  have  been  desciibed  in 
Chapter  II.,where  the  phenomenon  of  "blowers  "  was  also  referred 
to.  Blowers  are  a  more  or  less  steady  di-^harge  of  gases  from  the 
coal,  continuing  for  a  long  time.  Where  this  discharge  is  a 
violent  and  andden  one  of  large  quantity,  only  continuing  a  short 
time,  it  is  known  a^  an  "  outburst."  ' 

Carburetted  hydrogen  is  colourless,  and  when  pure  is  odourless, 
while  fire-damp  is  often  detected  by  its  smell.  This  gas,  if 
breathed  in  a  pure  state,  would  soon  cause  death;  it  quickly 
extinguishes  dame  or  lumps  if  undiluted  by  air.  When  3  to 
4  per  cent,  is  present  in  air,  the  giis  can  easily  be  detected  by 
the  elongation  of  the  fiame  in  a  safety  lamp.  If  6  per  cent,  be 
present  the  flame  is  not  only  elongated,  but  a  blue  halo,  or  cap, 
appears  above  it.  This  hnlo  is  often  of  a.  brown  colour,  produced 
1^  the  presence  of  carbonic  acid  gas  with  the  fire-dump.  With  7  to 
8  per  cent,  the  mixture  becomes  explosive,  and  flame  is  propagated 
through  the  contents  of  the  lamp;  with  10  to  iz  per  cent,  the  1 
{iropugation  is  instnntaueous  and  the  explosion  attains  its  maxi-  , 
mum  amount ;  with  20  per  cent,  the  mixture  no  longer  explodes, 
but  instantly  puts  out  any  flame  that  may  be  brought  into  it. 

jl/ier-rfomy.— Under  this  head  is  included  all  the  products 
rcenlting  from  the  ignition  of  an  explosive  mixture.  When  fire- 
damp is  exploded,  the  carbon  combines  with  the  ozygeu  in  the 
air,  and  forms  carbonic  acid,  while  hydrogen  also  combines  with 
oxygen  and  forms  aqueous  vapour,  leaving  a  large  amount  of 
free  nitrogen  without  the  corresponding  amount  of  oxygen. 
Carbonic  oxide  is  generally  present  in  after-damp,  and  is  always 
farmed  during  the  combustion  of  every  explosive  mixture  con- 
taining carburetted  hydrogen  in  which  the  proportion  of  air  is 
9.5  parts.  Messrs.  Atkinson*  give  an  analysis  of  the 
ir'damp  gases  of  the  Usworth  explosion  in  1S85.  The  sample 
taken  from  between  two  stoppings  erected  on  the  fifth  and 
enth  days  after  the  explosion,  and  contained  z.+8  per  cent,  of 
'bonio  oxide,  and  4.54  per  cent,  of  carbonic  acid  gas ;  it  may  be, 
:,  that  the  pi-esence  of  a  fire  beyond  may  have  had  some  in- 
lluence  on  the  production  of  these  gases,  the  propoi'tions  being  un- 
uuually  high. 

Bicplotumt  in  Coal  Mines,  London,  t886,  p.  1 1  j. 
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Tte  jcdbrscL'iE.  •:£  I  cable  ft.  of  fire-damp  rendeis  about  40 
cibb:  TL  cc  air  uui:  for  respindoo.  If  an  ezoess  of  air  or  fire- 
dinr  v^Rie  presEni  before  explosiaiiy  socli  excess  would  remain 
cjLx^c  Ti:L  Z£^  afc^r-jamp  after  the  ezplosioii,  bat  in  no  case  can 
'j^  Afc«--duap  gx.«cs  contain  mere  tban  one-third  of  their  volume 
cl  TTcrarged  air.  or  the  expkxian  would  not  have  happened 
Afzier-dunp  is  someOKfs  respoosiUe  for  more  deaths  than  an 
a.:c;=al  exziydctL,  as  often  all  that  escape  the  latter  are  suffocated 
b J  ihe  f  ccnL-rr. 

dotl-'DusL, — ^Xhe  roodvajs  of  seme  mines  contain  accamula- 
tioo  <i£  Terr  line  coal-dast  scattered  over  the  timber  and  resting 
CB  the  £oor.  Mesfe^r^  Faraday  and  LyeU,  in  a  report  on  the  Has- 
veQ  CoCiicfj  explot<ion  in  1S44,  ^^"^^  the  first  to  demonstrate  the 
eif^cc  these  accuniuladons  of  dost  may  have  in  extending  fire- 
damp expcosioQS.  Although  several  persons  investigated  the 
mjkiCcTy  it  vas  not  until  1S76,  when  Mr.  Wm.  Galloway  read 
LI>  £r«^  F^P^*'  before  the  Royal  Society,*  that  general  attention 
was  dir^'ted  to  the  important  part  that  coal-dnst  plays  in  aggra- 
vatiE^  dr«-dxmp  eip!o6ions.  Subsequent  experiments  by  Mr. 
Gddlow^y,^  by  seversJ  members  of  the  North  of  England  Insti- 
tute.^ a  committee  of  the  Chesterfield  In5titnte,§  Sir  F.  A. 
Abel,  and  particularly  by  the  Prussian  Fire-damp  Oonun]8sion,f 
demonstrated  that,  und^r  certain  conditions,  the  prBsence  of 
coal-dust  in  a  fine  state  of  division  is  a  source  <^  danger  in 
dr\*  mines  in  which  blasting  is  carried  on  withoat  special  precaii- 
tions,** 

Upwards  of  300  experiments  were  made  by  the  Prussian  Fire- 
damp Couimisc^ioQ  at  Neunkirchen,  near  Saarbriicken,  and  it  was 
coii>:ioivd  that  the  following  conclusions  wore  warranted  by  the 
results  obtained  :tt — 

1.  The  presence  of  coal-dust  in  more  or  less  abondance  in  the  immediate 
TicinitT  of  the  working  face,  gives  rise  to  more  or  less  elongation  of  the 
ftame  projected  bv  a  blown-out  shot,  wkeiher  small  quamtitiet  ofjire-damp  it 
prtJtit  IN  tAe  mrrou.-idtmp  air  or  mot. 

2.  ^<a)  In  the  complete  absence  of  fire-damp,  the  elongation  or  propagation 

of  dame  is  generally  of  limited  extent,  however  far  the  deposits 
of  dust  may  extend  in  the  mine-wavs. 

*  Proc.  Bojal  Societv,  March  2,  1876,  xxiv.  239. 
t  Ibid,  xxviii.  437  and  490,  and  xxxviL  42. 

*  N.  E.  I.,  XXV.  2^%  and  xxviii.  85. 
§  YoL  X.,  with  appendixes. 

Blae-Book,  **  Seaham  Collierj  Explosion/'  and  Proc.  Royal  Institntion, 
X-.Part  1. 1SS2. 

•"  Translation  by  T.  W.  Bunning,  N.  E.  I.,  xxxiv.  199  and  297. 

♦*  A  complete  review  of  the  literatare  of  the  subject  with  extracts  of 
the  opinions  held  by  English  authors,  is  given  by  Hr.  £.  S.  Hutchinson  in 
paper  entitled  Sotei  on  Coal-dutt  in  CoUiery  JExplotioiUy  Amer.  Inst.  M,  B. 
xiii.  253. 

-H-  English  Commission  on  Accidents  in  Mines.    Final  Report,  1886, 

P-43- 


VENTILATION. 


3'7 


I  the  air 


3.  (b)  There  are,  liowevcr,  certain  deBcriptiona  of  coal-dust  whiuh,  if 
ignited  by  a  blown-out  shot,  will  not  only  continue  to  cany  o: 
the  floDje  even  to  distancaB  eitendicg  considerably  bejond  the  I 
confines  of  the  dust  deposits,  bat  will  also  give  rise  to  eiplDsiv« 
phenomena  or  reanlta,  iii  llie  coniplere  uiwewre  of  ani/  trace  of  firt- 
damp,  which  in  character  and  eJlects  are  similar  to  those  pro- 
duced by  some  other  dusts  in  air  oontaining  7  per  cent,  of  Sre- 

3.  {a}  All  the  pbenomeiia  produced  by  the  burning  of  and  propagati 

of  flar>R  by  coal-dust  are  intencified  by  the  presence  ir  •'— 
of  «miiil  proportions  of  fire-damp. 
(i)  Certain  dusts  which  under  favonrabla  conditions  appear  to  Imva 
the  power  of  propagating  flame  to  an  indefinite  extent  in  a  dtist- 
laden  area,  the  air  tKing  free  from  fire-damp,  will.  If  only 
sparsely  suspended  in  air  containing  firO'damp  in  some  propor- 
tion below  3  per  cent.,  render  such  a  gas-mixture  susceptible  of 
explosion  by  a  blown-out  shot. 

4.  Special  experiments  in  nhich  the  branch  gallery,  described  as  opening 
into  the  main  gallery  near  its  extremity,  was  charged  with  a  fire-damp 
mixture  (retained  by  brattice  cloth),  demonsirated  that  a  coaldust  ignition 
OT  explosion,  developed  In  the  complete  absence  of  fire-damp,  canconimuni- 
.nf^  .A^iti^.,  tn  „Ti  ovf.ineii.1.  ™o«. m  i » • ., rfl  existiug  St  a  vfiTy  oouiiiderable 


Special  stress  was,  however,  laid  on  the  fact  tbat  the  c 
ot  a  blown-out  shot  is  indispensable  to  the  production  of  aoy  and 
all  of  the  eQeote  (of  ignition,  propagation  of  Same,  or  exfilosioD) 
to  which  coal-dust  caa  give  rise ;  and  Mr.  Hilt  emphasises  the 
fact  that  the  part  played  by  coal-dust  is  not  nearly  so  daugeroue 
as  it  might  appear  from  a  supei-ficial  examination  of  the  Saar- 
briidien  experiments 

MewrR.  Mallaj-d  and  Le  Chateiier,  in  a  review  of  the  work  of  the 
Pi-uasian  Commission,*  consider  the  phenomenon  of  the  ignition 
of  coal-dust  by  a  blown-out  shot  to  be  as  foUows : — In  that  port 
of  the  gallery  reached  by  the  powder-gases  travelling  at  a  high 
velocity  and  endowed  with  a  high  temperature,  the  dust  is 
violently  thrown  into  suspension  and  ignites.  The  gaseous  mass 
thus  ignited  (considerably  expanded  by  heat  and  increased  by  the 
partial  distillation  of  dust  that  has  been  thrown  into  suspension 
by  the  mechanical  effects  of  the  powder-shot)  expands  into  tbe 
gallery,  and  extends  to  a  distance  proportional  to  the  mechanical 
eflccts  of  the  powder-gases  and  to  the  ease  in  which  the  dust  in 
Buspeosion  is  distilled.  The  mechanical  effect  of  this  ji;L  of  flame 
on  the  dust  in  the  gallery,  situated  at  such  a  distance  as  to  escape 
the  initial  action  of  the  powder-gasea,  is  small,  and  rapidly  do - 
crease))  nntU  it  is  destroyed  at  a  very  short  distance  from  tbe 
shot.  Tbey  consider  that  tbe  experiments  of  the  Pmssiaa 
Commission  confirm  the^e  opinions,  and  also  their  previously 
expressed  ones,t  that  the  combustions  of  dusts  are  not,  to  speak 
exactly,  explosions ;  that  combustions  only  produce  mechanical 
effects  entirely  insignificant  for  most  dust«,  and  always  much  lew 

•  Ann.  des  Minas  {8«  Serie),  it  6j8.        t  ^*i''-  (8'  Sirie).  iv.  174, 


3i8  TEXT-BOOK  OF  COAL-MININa 

than  fire-damp  explosions,  oven  for  most  exceptional  dosts;? 
that  the  combustion  produced  at  any  point  does  not  extend  inde- 
finitely over  the  whole  area  covered  with  dust. 

On  the  other  hand,  the  Boyal  Commi.'^ion  on  Accidents  in 
Ttlines*  considered  that  the  most  emphatic  refutation  of  Me^n. 
Mallard  and  Lc  Chatelier's  conclusion, "  that  the  influ^iDe  of  fin- 
damp  upon  the  combustibility  of  dusts,  if  not  altogether  nil,  is  at 
least  much  slighter  than  was  at  first  believed,"  and  confirmatioD 
of  the  established  facts  which  it  combated,  was  furnished  by  lie 
Saarbriiclcea  experiments,  and.  after  a  review  of  the  whole 
subject,  considered  thnt  the  following  facts  relating  to  the  part 
played  by  dust  in  ooal-mine  explosions  may  be  regarded  as  nm- 
oluBiTely  established : — 

I.  Tbeoccnrrenceof  ablown-onlBliotln  worHngplaees  tuhere  vervhtgilji 
tRjIamnu^ile  ooaWiHi  Txiil»  in  great  abunJoneimay.eon  in  Ihe  total ahtmaof 
firt-daim.  poxEvbl;  give  tUa  to  violent  cxploaions,  or  maj  at  anj  rate  be 
followed  b;  the  propagatioo  of  Bame  tbrongb  vei;  considerable  areas,  and 
evenb]'  the  comuiniiioatioii  of  flame  to  distant  parts  of  the  workings  when 
explodve  gas-mixtnrw,  or  dust- deposits  in  ostocUtioc  with  non-esplasira 
gaa-lnixture».  exist. 

a.  The  oocarreDce  of  a  blown-ont  shot  In  loealiti^  ahtra  oniif  «msQ 
proportiM*  o/fir^Atlnp  exist  in  the  air,  in  thtpraeiux  ofaxn  eomparalitxi^ 
ttiglillg  infiamtRoblt,  or  aeiualit/  tion-injlaiitmahle  frul  ceTyfiiit,  dry  and  poroui 
diali,  ma;  give  riie  to  explosions,  the  flame  from  which  maj  reach  to 
distant  localities  where  either  gasBccumula.tions  or  deposits  of  inflamtaable 
coal-dust,  m^  be  inOamed,  and  niaj  extend  the  disastioos  resnits  to  othtc 
regions. 

That  the  above  oonclusiona  are  true  is  now  generally  admitted, 
and  the  Importaaoe  of  adopting  some  effectual  means  for  dealing 
with  dustrdepositfl  becomes  self-evident  when  it  is  remembered 
that  the  most  practised  observer  cannot  detect  gas  in  the  air- 
currents  with  safety-lamps  when  the  proportion  present  does  not 
exceed  a  per  cent. 

It  is,  however,  contended,  more  prominently  by  Mr.  Galloway 
and  Messrs.  AtkmEon,t  that  coal-dust  plays  the  principal  part  in 
coUiery  explosions,  aiid  that  fire-damp  must  be  relegated  to  a 
secondary  position.  The  chief  argument  in  favour  of  this  view  is 
that  explosions  are  so  often  confined  to  the  intake  aii'-ways  and 
not  to  return  air-u'aya.  The  intakes  ave  where  dust  collects 
owing  to  the  haulage  of  coal,  while  the  returns  are  those  along 
which  gHS  is  carried  off.  It  is  also  contended  that  gas  explodes 
equally  in  all  directions,  while  many  exploeione  in  mines  do  not 
seem  to  pass  into  all  the  routes  equally  open  to  them,  but  follow 
certain  definite  pathii,  such  as  intake  airwa.ys  where  gas  is  absent 
but  coal-dust  present.  An  explosion  that  took  place  in  a  ooal- 
bopper  at  Brancepeth  Colliery,  Durham,  where  no  gas  could  be 
present,  is  also  quoted  as  an  argument  in  favour  of  this  theory, 

"  Final  Report,  p.  47. 
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8  hopper  was  ns-ed  to  store  coal  in  for  the  use  of  the  coke 
~t  was  being  cleaned  out,  when  the  fine  dust  took  fire  at 
p  open  torch  lamp.  Several  men  were  aeverely  bui'nt  and  three 
^.«t  their  lives.  It  may,  however,  be  taken  more  as  an  instanea 
of  ignition  than  of  e^losion,  as,  although  several  windows  existed 
in  the  hopper,  none  of  the  panes  of  glass  were  blown  out,  although 
they  were  much  cracked  by  the  intense  heat.  Only  one  sheet  of 
corrugated  iron  was  burst  off  the  box,  and  this  was  not  blown 
away,  bub  was  simply  dislodged  and  fell  to  the  ground.* 

The  theory  is  supported  by  the  fact  that  explosions  happen  in 
flour  mills,  and  in  the  drying  chambers  used  for  the  preparation 
of  brown  coal  for  the  market.  It  has  also  been  proved  by  large 
explosions  which  have  taken  place  in  flour  mills  at  Annapolis, 
Xr.S.A.,  that  in  the  entire  abaeace  of  inflammable  gas,  the  explo- 
sion beginning  in  a  distant  portion  of  the  works  may  be  carried 
through  the  entire  building.  It  ia  also  possible,  experimentally, 
to  obtain  explosions  with  air  and  lycopodium,  simply  with  the 
lycopodiiim  lying  on  the  floor  and  not  forming  a  thick  cloud. 

The  great  argument  against  coal-dust  being  the  principal  agent 
in  coal-mine  explosions,  as  pointed  out  by  the  Royal  Oommis-sion 
on  Accidents  in  Mines,t  is  the  fact  that,  if  it  were  so,  everi/ 
blown-out  shot  occurring  in  a  very  dusty  nnd  di-y  mine  should 
actually  be  attended  by  a  more  or  less  disastrous  explosion  or 
conflagration ;  and  that,  looking  therefore  to  the  enormous 
amount  of  powder  expended  in  shot-flring  in  this  and  other 
countries,  and  to  the  not  inconsiderable  proportion  which  blown- 
out  shot*  must  constitute,  in  many  localities,  of  the  total  number 
of  shots  fired,  disastrous  coal-mine  explosions  should  be  of  more 
than  daily  occurrence,  if  this  view  were  correct. 

Messrs.  Mallard  andLe  Chatelter  maintain  that  all  exp1(»ions  of 
magnitude  which  have  been  solely  attributed  to  coal-dust  have 
occurred  in  mines  in  which  fire-damp  occurs  ;  that  the  possibility 
of  coal  dust,  per  ae,  giving  rise  to  an  important  explosion  could 
only  be  estehlished  by  the  occurrence  of  an  explosion  in  a  mine 
in  which  the  total  absence  of  fire-damp  can  be  absolutely  demon- 
strated ;  and  hy  the  fact  that  lignite  mines,  which  are  generally 
very  dusty,  the  dust  being  extremely  inflammable,  but  which  are 
at  the  same  time  almost  free  from  fire-damp,  have  never  yet  been 
visited  by  accidents  of  this  class. 

In  Chapter  II.  reference  was  made  to  the  experiments  of  Mr. 
J.  W.  Thomas  on  the  gases  enclosed  in  coal.  Dr.  P.  P.  Bedsfin 
has  conducted  similar  investigations  on  coal-dust  |  and  has  estab- 
lished the  point  that  some  dusts  give  off  considerable  volumes  of 
explosive  gas  at  a  compai-atively  low  temperature.  The  enclosed 
gaeee  in  coai-duat  resemble  in  many  respects  those  which  have 

*  Bojal  CommiasioD  on  Cool  Dust,  First  Report,  p.  108. 
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Iieen  obtnined  from  coitl.  The  main  points  of  difference  to  b« 
tiot«4l  lu-o,  firsl,  the  large  proportion  6!  carbon  dioxide  (CO,)  u 
compared  with  tlie  amounts  found  by  Air.  Thomas,  and,  second, 
the  presence  of  uli^fines  and  higher  members  of  the  puralEn  seria 
of  hydrocarbons. 

In  the  final  Report  of  the  Austrian  Fire-Damp  Commti^on  •  it 
is  etAted  that  the  eipenments  made  confirm  those  of  Neunkirchen 
with  regard  to  the  danger  of  coal-dust,  but  also  show  that  the 
dangers  ore  greater  than  have  hitherto  been  adaiitt«d.  First  of 
all  the  Commission  tested  the  diflerent  kinds  of  ooal-dnst  so  as  to 
clnsi^ify  them  according  to  their  sensitiveness  to  ignition  and  their 
danger.  As  they  considered  that  bhick  powder  and  similar  esplo- 
Bives  are  dangerous  in  fiery  mines  and  that  their  use  should  be 
entirely  prohibited,  they  confined  their  experiments  to  high  esplsy 
dves,  especially  dynamite  I4'o.  i.  The  experiments  were  made  ia 
levels,  like  the  one  at  Netiukirchcn.  Each  kind  of  dust  that  wu 
used  was  also  tested  in  order  to  determine  the  following  facts 
concorning  it: — 

I.  Percentage  of  volatile  matter. 

a.  HygTOBOopio  moisture. 

3-  Percenta^  of  ash. 

4.  Quantitj  of  marsli  gns  in  [00  grammes  of  do^. 

j.  Quantity  of  gaa  given  out  by  100  grammes  of  dost  a 

6.  Cumposition  of  gaa  given  out  by  100  grammes  of  das 
Instead  of  imitating  blown-out  shots,  the  experiments 
mostly  maile  with  cartridges  of  dynamite  Ij-ing  loose,  or  with  a 
tilight  covering  of  coal-dust.  The  cnal-du&t  experiments  were 
almost  exclusively  made  without  any  admixture  of  gaa.  In  one  cl 
the  levels,  353  experiments  were  cirried  out  and  showed  that  many 
notoriously  ikngerous  dusts  were  less  inflammable  than  other  lees 
dangerous  dusts.  Coal-dust^  were  therefore  classified  into  sensi- 
tiva  and  dangerous  kinda.  To  judge  of  their  sensitiveness,  the 
coal-dusts  were  all  tested  with  the  same  charge  of  dynamite,  vii.: 
100  grammes  (3J  ounces).  The  experiments  showed  that  %v-ithout 
any  admixture  of  fire-damp,  nearly  all  kinds  of  coal-dust  were 
ignited  by  a  cartridge  of  100  grammes  of  dynamite  lying  loose. 
The  following  points  were  con.siilered  establislied  ; — 

1.  The  degree  of  InSammability  can  scajcely  be  deduced  from  tlie 
chemical  oompasition. 

2.  The  texture  of  the  conl  is  important.  Hard  compact  coal  wilt  ^re 
leas  dnat  than  crumbling  Friable  aoul.    The  fineness  of  ooal-dDBt  depotda 

3.  The  sen.iitiTeness  of  a  cosl-dii^t,  nnd  as  a  rule,  its  danger,  increua 
with  ita  dryness, 

4.  Tlie  ri-infiur  of  a  coal-dust  appears  to  depend  mora  upon  its  physical 
qualities  than  upoa  its  oheiuical  composttiou. 

•  SoliluBsberioht  des  CentralcomitSs  der  osterreichisohen  Coma)i«sioa 
cur  Krmittlung  der  zwcckmassigsten  Siulierbeitma»>regoln  gegen  dia 
Eicplosion  Bcblagender  Welter  in  Bergwcrkeo.     Vleonot  1S91, 
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wn-out  shot  witb  coal-dust  as  tamping,  or  a  cbftrge  of  djDainh' 
;  free,  will  ignite  every  kind  of  aouJ-diutt.     Host  kinds  of  coal-diis 
)  ignited  with  a  charge  of  100  gr.  (3^  02.),  and  all  witboiit  exception 
e  ignited  with  a  charge  of  300  gr.  (loi  01.  )■ 
mi.  A  cosl-dnst  which  otherwise  is  not  dangecoiui  and   takes  Bre  with 
^~'"   Ity,  may  ^ve  rise  to  a  disastrous  explosion  if  there  isalittle  fire-damp 

)  (juestioa  cootinuinfj  to  he  a  very  debatable  one,  Mr.  Henry 
1  was  appointed  by  the  Home  Secretary,  ia  1890,  to  carry  on 
I  further  series  of  experiments."  The  result  of  these  experiments 
ing  still  non-conclusive,  a  Bo}^!  Commission  was  appointed  in 
191,  to  inquire  into  tlie  efiect  of  coal-dust  in  originating  or 
tending  explosionB  in  mines,  whetlter  by  itself  or  in  conjunction 
'b  fire-damp.  This  inquiry  ia  not  yet  completed,  but  &  pre- 
inoiy  report  f  has  been  issued  giving  the  evidence  taken  up  to 

IrBir  F.  A.  Abel  |  considers  tbat,  tinder  extremely  favourable 
IBditions  as  regards  the  nature  of  du.st,  its  physical  condition 
~  1  it«  composition,  and  the  quantity  of  dust  existing  and  eus- 
ided  in  the  air  at  the  time  of  tiie  explosion,  in  the  entire 
sBeenoe  of  fire-damp,  coal-dust  undoubtedly  has  the  power  of 
carrying  on  explosions  almost  to  an  iudednite  extent  in  mines. 
He  questions  whether  there  is  practically  any  limit,  as,  looking  to 
the  great  commotion  set  up  by  the  rush  of  gas  produced  aa  the 
explosion  originates  and  us  it  progreeses,  the  motion  of  the  air  is 
such  that  particles  of  coiil-dust  must  be  whirled  up  into  it,  and 
Hiuat  continue  to  produce  a  mixture  of  sufficient  intimacy  and 
sufficiently  highly  charged  with  inflammable  particles  to  develop 
afresh  the  oonditions  which  existed  originally  when  the  explosion 
was  stalled,  and  in  that  way  the  explosion  may  be  considered  to 
bo  a  continuous  one. 

Mr.  A.  H,  Stoke8§  considers  that  the  Prussian  experiment» 
proved  th&t  ooal-dust,  without  a  trace  of  gas,  in  a  pure  atmosphere, 
is  not  dangerous.  Goal-dust  in  mines  promotes,  extends,  and 
aggravate  explosions  due  to  tii'e-damp,  by  reason  of  the  rapid 
inflammability  of  its  finely  divided  particles.  The  sensitiveness 
to  ignition  of  coal-dust  and  air,  appears  to  be  in  proportion  to  the 
intensity  of  heat  at  the  point  of  ignition,  and  the  size  and  impact 
of  the  initial  flame  has  a  very  important  influence  in  controlling 
the  propagation  of  flame.  The  condition  necessary  to  ignite  a 
mixture  of  coal-dust  and  air  appears  to  depend  on  the  temperature, 
volume,  and  the  way  in  which  the  initial  flame  strikes  the  current ; 
also  that  each  atom  of  dust  be  surrounded  by  air  so  that  it  can 
get  oxygen  instantly,  and  that  each  atom  be  near  enough  to  its 

*  Colliery  Goardian,  [S90,  Ix.  S?;. 

t  Blne-Book  :  Firtt  Report  of  the  Ro'ial  Comminwi  on  Sxp!<Mioiu  fnm 
Coal-dnMt  in  Miiui,  July  1891 . 
X  Ilrid.  p.  81.  S  ll'i'l-  p-  103  anil  "^- 
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neighbour  to  be  able  to  communicate  flame.  He  has  not  boo 
able  to  find  aiij  record  of  an  explosion  in  a  dry  and  dnstj  nine 
in  which  gas  bad  never  been  found.  In  most  experiment^  cuts 
where  coal-dust  was  lire<l.  the  atmosphere  was  thickly  charged 
with  coal-dust — in  fact,  so  thick  that  no  living  being  could  ^oa 
in  it;  and  this  was  a  state  of  affiurs  which  could  scarcdj  be 
found  in  any  mine  unless  as  the  result  of  a  serioas  explosoa 
of  fire-damp,  nor  one  that  a  blown-out  ^ot  could  create  bdiI 
fire  with  its  own  flame  unlc«i>  it  were  pointed  directly  into, 
and  in  close  proximity  to,  an  aceiunulation  of  dost,  A  mixtoif 
of  air  and  fire-damp  which  cannot  be  detected  by  a  safety-lamp, 
and  which  may  be  harmlesH  in  the  absence  of  dust,  may,  if  doEt 
be  present  in  sufficient  quantities,  become  an  inflammable  mix- 
ture, and  be  the  means  of  carrying  flame  as  far  aa  such  mixton 
extendi,  The  current  of  ventilation  in  a  dry  and  dusty  mine 
may  be  charged  with  such  a  low  percent-age  of  fire-damp  that  the 
most  careful  observer  would  fail  to  detect  the  blue  cap  indicative 
of  fire-damp  in  the  ordinary  safety-lamp,  yet  it  might  be  bo 
charged  with  fire-damp  that  any  unusual  circumstances,  .fuch  as 
a  heavily  charged  blown-out  shot  or  other  violent  concussicn. 
might  raise  a  cloud  of  dwnt  and  render  the  current  at  once  ui 
inflammable  mixture.  A  comparatively  small  explosion  in  a  dry 
and  dusty  mine  giving  off  fire-dump,  may  be  developed  liok  by 
link  into  a  most  extensive  di3a.3ter.  The  most  dusty  ntmosphere 
of  a  mine,  in  its  ordinal^  working  condition,  eould  not  be  ignit«d 
by  the  direct  action  of  any  blown-out  shot.  If  the  current  of  air 
be  free  from  firedamp,  in  no  mine  in  its  normal  state,  and  the 
ventilation  free  from  fire-damp,  would  an  ordinary  blown-out  shot 
raise  suHicient  dugt  to  make  tJie  ventilative  current  hd  inflam- 
mable mixtui-e  such  ae  would  ignite  from  the  same  shot,  flame  and 
create  what  might  be  termed  an  explosion,  unless  such  a  shot  b« 
fired  directly  into  a  bod  or  considerable  accumulation  of  coal-dust. 

Actitm,  qf  Moisture. — It  may  now  be  regnrded  as  established 
that  smaU  amounts  of  moisture  ore  sufficient  to  prevent  the 
possibility  of  coal-dust  being  ignited,  and  at  many  colleries  the 
main  roads  are  reguloi'ly  watered.  In  order  to  be  edicient  the 
water  should  be  applied  in  such  quantities  as  will  simply  damp 
the  dust  and  prevent  clouds  of  it  being  mised  by  any  means.  If 
the  floor  be  properly  wat-ei-ed  it  is  sufficient  to  pi'event  any  deposit 
of  duet  on  the  sides  or  the  roof.  As  a  large  quantity  of  dust  is 
formed  in  the  tubs  during  the  progress  of  hauling  them  along  the 
toads,  a  quantity  of  water  is  often  thrown  over  the  contents  of 
each  tub  immediately  before  it  leaves  the  working  face. 

Attempts  have  been  made  to  render  dust  barmless  by  applying 
along  the  roadways  some  deliquescent  body  such  as  s^t,  but 
although  the  result  in  some  cases  has  been  satisfactory,"  yet  the 
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}  not  received  m&ny  applicationa,  the  t 
ing  Huperior. 

In  some  cases  ordinary  tubs  are  prorided  with  a  perforated  pipe 
i  the  back,  and  the  water  applied  in  the  same  way  as  in  streets 
f  towns.  If  Buch  a  watering  appliance  is  to  be  used,  a  good 
rangement  is  that  auggeated  by  Messrs.  Archer  &  Bobson.*  A 
r  brush  is  affixed  to  the  rear  of  a  tub,  and  is  suitably  con- 
il  by  bevel  gearing  to  the  axle  of  the  tub,  so  that  when  this 
s  along  the  brush  ia  rotated.  The  spindle  of  the  brush  is 
w,  and  wat«r  is  passed  along  it  and  through  holes  on  the 
n  of  the  boss,  and  is  thrown  by  centrifugal  force  from  the  tips 
f  the  bristle  brush  in  the  form  of  fine  rain  or  spray. 
Many  coUic^ries  in  South  Wales  are  fi.tted  with  watering  ap- 
pliances, and  the  methods  used  have  been  described  by  Mr.  A. 
Hood.t  At  Llwynypia  Colliery,  water-pipes  are  carried  along  the 
roads,  and  &  line  jet  allowed  to  issue  at  intervals,  the  spray 
being  carried  along  by  the  air-current.  Round  outlet  holes  can 
be  used  when  a  deflecting  plate  is  placed  at  a  small  inclination  to 
the  jet  to  drive  it  into  spray.  Flat  jets,  however,  give  a  better 
spray,  but  round  ones  are  less  likely  to  be  choked  up  with  dirt. 
In  some  cases,  even  with  the  finest  spray,  the  action  of  the  water 
causes  the  roads  to  heave  to  a  consideruble  extent,  but  at  Ynishir 
OoUiery,  where  two  miles  of  piping  are  laid  with  outlet  pipes  at  inter- 
vals of  from  40  to  60  yards,  little  difGciilty  has  been  expeiienced  from 
heaving.  Of  course  this  objection  depends 
entirely  on  the  nature  of  the  roof  and 
floor.  The  best  procedure  is  to  load  up 
and  remove  the  dust  as  much  as  possible 
before  watering,  as  not  so  much  water 
is  necessary,  and  mud  is  not  formed. 
Wat«ring  certainly  mnkea  the  conditions 
more  pleasant.  At  Pochin  Colliery  the 
intake  air  had  been  warmed  and  a  jet  of 
!?t«Bm  injected  into  it  with  satisfactory 
results.  The  warming  of  the  intake  . 
current  is,  however,  objectionable. 

Mr.  H.  W.  Martin  has  described  the 
method  in  use  at  Dowlais,  where  a  very 
elaborate  system  is  applied.  J  Two  mains 
lire  laid,  one  for  water,  and  the  other  for 
compressed  air.  Out  of  these  at  intervals 
small  branch  pipes  of  half-inch  internal 
diameter  are  carried  to  the  roof,  and  then 
across,  when  they  join  together  by  a  conical 
nozzle  (a,  Fig,  381)  in  the  interior  of  an 

y  T  couple.     The  water  is  forced  out  by  the  t 
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au  adjustable  spray  producer,  b.  The  aperture  m  this  is  mibie 
adjustable,  so  that  in  the  event  of  its  being  clogged  by  any 
sediment  it  can  be  "  flushed  "  for  an  instant.  The  adju^menc  ^ 
made  by  a  nut  and  screw.  A  regulating  tap  is  placed  in  both  tha 
air  and  water  branches,  and  to  prevent  entry  of  water  into  the 
air-pipe,  and  vice  vertd,  a  small  (wU-valve  on  a  leather  eentiiig  a 
introduced  inW  eu«h  pipe.  The  spray  producer  hangs  verticailT 
from  the  roof.  An  exceedingly  fine  spray  b  obtained,  which  is 
carried  along  with  the  air,  and  effectually  dnupa  the  finest  dust 
lurking  behind  timbers.  It  also  oools  the  air-corrent,  the  ei- 
perience  at  Harris  Navigulion  Colliery  being  that  the  temperature 
of  the  intake  has  been  reduced  4  to  5  degrees.  The  pressure 
of  water  should  exceed  that  of  the  air,  but  it  is  only  oecestaij 
that  it  should  be  a  few  pounds  above.  The  spray  producer  is 
made  of  brass,  nud  is  globular  in  form.  It  can  be  opened  in  \ 
second  by  unscrewing  a  nut  at  tbe  bottom,  when  dirt  is  readily 
blown  out. 

The  mixture  of  air  and  water  not  only  produces  a  very  fine 
fipmy,  but  it  seems  to  act  further  owiug  to  the  intimate  misture. 
and  hence  the  discharge  jets  can  be  placed  at  greater  distanivs 
apart.  There  can,  however,  be  little  doubt  that  the  velocity  of 
the  nir-current  influences  in  a  great  measure  the  distance  to 
which  the  spray  is  carried. 

I>awa  of  Friction,  &c. — Before  describing  how  a  ventilating 
current  is  produced  and  cireulated  throngh  the  workings,  a  short 
de.scription  should  begivenof  the  lawsof  friction  and  of  tbe  general 
rules  i-elating  to  ventilation.  The  subject  is  such  a  complicated 
and  extensive  one  that  only  the  briefest  summary  is  possible  here. 
The  finest  series  of  papers  in  the  English  language  are  thoea  by 
the  late  Mr.  J.  J.  Atkinson,*  which,  although  written  so  long 
ago,  still  remain  the  sUtudard  authority.  To  these,  and  others 
written  at  the  same  time  by  several  of  his  contemporaries,  the 
student  is  refeiTed  for  detail  of  inforraatiou  and  reasoning.  Tha 
principal  points  dealt  with,  and  brought  out  by  the  above  series 
of  papers,  have  been  summarised  and  elucidated  by  Mr.  W. 
Fnirley.t 

Currents  of  air,  either  on  the  surface  or  in  a  mine,  are  produced 
by  a  difference  of  pressure,  and  would  flow  at  a  great  speed  if  no 
resistance  were  encountered.  It  t'  =  the  velocity  in  ft,  per  second, 
(/  =  gravity,  or  33,2,  and  A  =  the  height  from  which  a  body  must 
fall  in  order  to  generate  this  velocity,  such  height  being  the 
motive  column, 


which  is  the  measurement  of  the  i 


*  See  list  at  end  ct  chapter. 

t  The  ThattTI  and  Fraclicc  0/  VtnCilulitig  Co<a  i/wiei. 
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required  to  generate  this  velocity  at  which  the  &ir  travels,  if 
Tfsigtanee  were  abaenl,  would  be  a  small  one,  and  may  be  deter- 
mined by  tie  formula — 


where  w  — the  weight  of  a  cubic  ft.  of  n 
the  iipxast,  and  A  =  the  motive  power. 


'  at  the  temperature  of 


1.3353  V-  height  of  barometer  (h] 
4J9-(-tempeT&ture  (t) 


■   (3) 
-    (4) 


".  W.G.  (in  inches) = 


From  this  formula  it  will  be  found,  that  if  the  air  has  a  final 
velocity  of,  say,  50  ft  a  second,  the  theoretical  water  gaug* 
i-equired  to  produce  it  is  only  06  inch.  Fifty  feet  per  second  is 
a  velocity  scarcely  attained  in  mines,  and  it  is  equally  rare  that 
the  water  gauge  only  shows  o-6  inch.  Tlie  difference  between  tbe 
water  gauge  due  to  velocity,  and  the  actual  water  gauge  of  any 
mine,  is  tbe  measurement  of  the  friction  which  the  air  meets  with 
in  passing  through  the  air-ways. 

The  three  main  laws  which  govern  the  friction  of  gases  flowing 
through  pipes  are  as  follows  1 

(i)  The  frictioual  resistance  vanes  directly  as  tlie  rubbing 
surface ;  this  rubbing  surface  is  found  by  multiplying  tbe 
length  of  the  gallery  by  its  perimeter,  or,  in  other  words, 
its  circumference. 

(2)  The  pressure  required  to  overcome  the   friction  varies 

invei'selyas  the  area,  if  the  rubbing  surface  and  velocity 
remain  tbe  same — that  is  to  say,  if  two  air-ways  be  taken, 
one  of  wbich  is  double  the  area  of  the  other,  only  half 
e  pressure  has  to  be  applied  to  each  sq.  ft.  of  the  large 
one  as  would  have  to  be  applied  to  the  small  one,  to 
overcome  the  same  amount  of  friction  in  the  two  ways, 
provided  the  velocity  of  the  air  and  the  extent  of  rubbing 
surface  were  the  same  in  each. 

(3)  The  frictional  resistance  varies  directly  as  the  square  of 

tbe  velocity ;  consequently,  if  the  velocity  be  doubled,  the 
resistance  increases  four  times.  The  explanation  of  this 
law  is  a  simple  one,  if  it  be  remembered  that  if  the  velocity 
be  doubled,  double  the  quantity  of  air  passes  through  the 
air'way  in  a  given  time,  and  meets  every  reaislanoe  with 
double  velocity. 
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From  these  laws  the  following  formula  is  deduced: 

pa  =  ktB' (6) 

wliere  ]>  =  the  pressure  in  lbs.  per  sq.  ft.,  a  =  the  &rea  of  tKe 
lur-nay  m  sq,  ft.,  »  *•  the  area  in  sq.  ft.  of  rubbing  snrf&n, 
V  ^  the  Telocity  of  air  in  feet  per  miiiut«,  and  i  is  a  cansUnt 
i!3Uled  a  co-efficient  of  friction,  and  is  equal  to  the  ypnt.il  a  ting 
pressure  required  to  ovenwme  the  reeoBtanoe  that  a  tuiit  of  aii 
ivith  unit  velocity  would  meet  with  in  circulating  round  t 
mine  of  imit  area  and  having  unit  rubbing  surface.  The  value  of 
this  co-efficient  has  never  been  satisfactorily  determined  for  tiw 
irregular  puGsages  of  mines.  Although  it  is  generally-  admitted 
that  Mr.  Atkinson's  figures  are  not  strictly  correct,  yet  they  are 
freely  adopted.  Ue  states  that  it  seemf  probable  that  for  every 
foot  of  rubbing  surface,  and  for  a  velocity  in  the  air  of  looo  ft.  a 
minute,  the  friction  ie  equal  to  o.26SSi  ft.  of  air  column  of  the 
same  deustty  us  the  flowing  air,  which  iit  equal  to  a  pressure^  with 
air  at  33*  F.,  of  0.0217  lb.  pei'sq.  ft.  of  area  of  settion. 

The  difference  between  pressure  and  power  must  be  clearly 
understood;  pressure  is  the  force  per  sq.  ft,  producing  tbe 
ventilation,  and  power  is  the  quantity  pai>fiing  multiplied  by  the 
pressure.  The  quantity  is  found  by  multiplyiog  the  area  by  the 
velocity. 

By  ti-ansposing  and  substituting  values  of  the  different 
symbols  in  (6)  nearly  every  formula  can  be  deduced  to  work 
out  the  problems  met  with  in  ventilating  mines.  Several  of 
the  more  prominent  results  obtained  may  be  summarised  M 
follows  :— 

(i)  The  quantity  of  air  circulating  in  a  mine  is  according  to 

the  square  root  of  the  pressure. 
(ij  In  air-waya  of  the  Hime  sectional  area,  but  which  only 

vary  in  length,  the  volume  tuid  velocity  of  tur  curtentt 

are  inversely  proportionate  to  the  squai'e  root  of  the 

lengths. 

(3)  The  quantity  of  air  passing  in  air-ways  of  difierent  areas, 

other  things  being  equal,  is  according  to  the  squaj^  root 
of  the  area  multiplied  by  the  area. 

(4)  The  resistance  varies  directly  as  the  length. 

(5)  Tlie  pressure  required  to  propel  aii-  through  paasagw  i« 

inversely  proportional  to  the  area,  other  conditions 
remaining  the  same. 

(6)  If  auy  two  mEichines  are  employed  to  ventilate  a  mine, 

each  of  which  when  working  separately  will  produce 
certain  quantities  which  may  be  denot«d  byu  and  h,  the 
quantity  of  air  that  will  pass  when  the  two  are  working 
together  will  be  Ja^  *  6*. 
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(7)  The  quantity  of  air  pairing  is  according  to  the  cube  root 
of  the  power  applied.* 

(8)  Since  the  quantity  of  air  etrculating  i 
root  of  the  power  employed,  n    ' 


t(S)  Since  the  quantity  of  air  circulating  varies  as  the  cuhe 
root  of  the  power  employed,  aud  as  the  number  of  revolu- 
tions of  a  fan  also  varias  as  the  cube  root  of  the  power 
employed,  it  follows  that  the  quantity  of  air  circulatiog 
depends  directly  on  the  speed  of  the  fan. 
PRODUCTION  OF  AIB  CUBBBHTS.— The  problem  of 
reducing  sufficient  air,  and  of  so  carrying  it  into  every  part  of 
tlie  mine  that  the  nosdous  gases  are  effectually  removed,  is  one  of 
gi'eat  importance.  By  the  law  in  this  and  in  many  other  countriea, 
every  mine  has  to  be  provided  with  two  sbaftH,  or  outlets ;  one 
of  these  serves  for  the  introduction  of  the  fresh  air,  and  is  called 
the  "liown-caet ";  the  other,  for  the  egress  of  the  current  after 
it  has  passed  round  the  workings,  and  is  called  the  "  up-cast." 

BTatural  Tentilatioa. — No  matter  what  the  respective  sizes 
of  the  two  shafts  may  be,  provided  that  they  are  connected  by  a 
passage  and  that  the  density  of  the  air  in  the  two  columns  is  equal, 
no  current  is  produced.  If,  however,  the  densities  are  different, 
the  pressure  of  the  one  column  of  aii*  will  overbalance  that  of  the 
other..  The  e^^uilibriimi  in  the  two  shal't«  is  destroyed  by  the  natural 
heat  of  the  strata  altering  the  deu.sity  of  the  air.  As  a  descent 
is  msde  towards  the  centre  of  the  earth,  a  proportionate  rise  of 
t«mperature  is  found — that  is,  after  a  certain  limit  is  passed.  This 
limit  is  found  at  a  depth  of  about  50  ft.,  whei'e  the  temperature 
of  the  rocks  is  on  an  average  50^°  F.,  this  temperature  remaining 
con.>^tiLnt  all  the  year  round.  From  the  mean  of  numerous 
observations,  it  may  be  taken  that  the  underground  temperature 
iticreasee  t°  for  every  60  ft,  of  depth  below  the  invariable  stratum. 
Therefore,  the  deeper  the  mine,  the  greater  the  difference  of 
temperature  of  the  air  in  the  two  shafts,  consequently,  the  greater 
the  ventilation. 

From  this  cause  ventilation  is  produced  without  any  artificial 
asbibtance,  and  is  called  natural  ventilation.  It  is,  however,  so 
inconstant  as  to  be  wholly  unreliable,  depending  to  a  consider- 
able eictent  on  the  temperature  of  the  outside  air,  and  the 
difference  in  the  levels  of  the  tops  of  the  two  shafts.  In  winter, 
■  the  current  may  flow  one  way,  and  in  summer  the  other.  For 
such  reasons  natural  ventilation  is  never  to  be  relied  upon,  although 
it  does  in  many  cases  materially  assist  the  other  means  which  are 
used  to  produce  the  air  current. 

Furnace  Tentilation. — The  oldest  means  of  producing 
ventilation  was    to  artificially  alter  the  density  of  one  of  the 

■  A  moft  intereatinfc  paper  has  been  contribat«d  to  Uie  Federated  IiuU* 
tuCioD  of  Minini;  Engineers  (vol  ii.  page  433]  by  Mr.  W,  Cocbraae  od  a 
Duplex  Arrang;em<;nt  (if  Ventilators,  the  results  obtaiaed  a|;reeiiig  remark* 
ably  well  with  tliu  theoretical  deductiona  given  in  (6)  and  (7). 
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columns  of  air  by  heating  it.  At  fii-st,  this  n-as  done  hy  merely 
hanging  fir«-lamps  in  the  up-cast  ehaft,  to  be  eood  superseded  l:^ 
placing  a  furnace  at  the  bottom,  as  by  the  latter  means  the 
greateet  effect  is  obtained.  Fumacee  may  be  constructed  on  two 
main  prindplee  (a),  either  an  open  fire-place  with  aH  the  air 
passing  over  the  fire ;  or  (b)  contracting  tbe  area  above  the  fire, 
and  forcing  the  greater  paxt  of  the  current  through  the  bars. 
Neither  of  theee  methods,  separately,  gives  the  beet  result.  In  tha 
former,  where  a  strong  corrent  is  passed  over  the  fire,  tt«  cooling 
action  is  so  great  that  the  combustion  is  feeble  and  a  higli 
temperature  is  not  attained;  while  in  the  lattiT,  if  all  the  air 
passes  through  the  baxs,  not  only  is  carbonic  oxide  formed  in  large 
quantities,  but  the  rcsifitance  or  drag  of  the  mine  is  much  in- 
creased. A  combination  of  the  two  givee  the  best  results,  and  is 
almost  invariably  employed. 

No  bettei' illustrution  of  a  well  constructed  and  eJlicient  furnace 


can  be  given  than  that  at  Eppletoa  ColUerj-  (Fig.  383).  The 
length  of  the  grate  is  60  ft.,  and  its  breadth  1 1  it. ;  the  end  of 
th»  tire  burs  are  i3o  ft.  away  from  the  shaft.  An  air  passage 
and  firing-hole  is  provided  on  each  side  of  the  furnace,  and  also  an 
air  passage  along  each  side  of  the  di'ift  going  to  the  shaft.  This 
drift  rises  i  in  a,  and  is  lined  throughout  with  fire  bncks. 
'With  this  large  grate  area,  bU  the  air  passing  over  the  fire  is 
thoroughly  heated,  and,  in  addition,  doors  are  provided  at  the 
front,  so  that  the  quantity  forced  through  the  bars  can  be  regn- 
Uled.  Doors  on  furnaces  are,  to  a  certain  extent,  necessary, 
i-j>eiiiilly  on  re-starting  after  cleaning.  The  cui-rent,  which  is 
llun  taaall,  can  be  foi-rad  through  the  fire,  and  as  it  increases, 
uivitig  to  the  temperature  getting  high,  the  dooi-s  are  gradually 
0}"fiied,  and  more  air  allowed  to  pai*  over  the  fire.  The  advantage 
of  the  side  passages  is,  that  not  only  may  firing  be  entirely  done 
at  the  side,  but  the  risk  of  setting  the  adjoining  strata  on  fire  is 
reduced.  A  good  casing  of  sand  is  placed  all  round  these  arches 
as  an  additional  p-ecaution. 

At  Eppleton  Colliery,  twenty- four  tons  of  coal  ai-e  burnt  in  the 
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y-four  hours.  During  two  shifts  a  number  of  boilera  are  at 
>rk  undergixiuad,  so  that  the  famiuM  does  not  produce  all  the  air 
:ulated.  While  these  boilei's  are  at  work  one  mac  per  shift  is 
'  lyed  for  firing,  but  at  night  two  men  are  necessary ;  this 
J  fomr  men  pet  twenty-four  hours.  The  quantity  of  air 
ulated  is  303,000  cubic  ft.  per  minute,  with  3  in,  of  W.G.,  but 
/  120,000  cubic  ft.  passes  over  the  furnace. 
Q  fiery  minea  it  would  not  be  safe  to  pass  the  return  air-current 
r  a  furnace,  and  it  has  to  be  fed  with  fresh  air.  As  the 
mperature  at  the  bottom  of  tlie  up-cast  shaft  is  su^cient  to 
lite  gi\8,  the  return  air-current  has  furthermore  to  be  brought 
rough  a  passage  called  a  "  dumb-drift  "  into  the  shaft  at  some 
point  above  the  furnace  where  the  temperature  ha.s  fallen  below 
the  igniting  point.  Neither  feeding  the  furnace  with  fresh  air  nor 
carrying  the  return  air-current  through  a  dmnb-drift  increases 
the  efficiency  of  furnace  ventilation,  but,  on  the  contrary,  dimin- 
ishes it,  iut  not  only  is  the  temperature  of  the  air-current  reduced, 
but  a  eborter  column  of  air  is  heated. 

The  amount  of  ventilation  produced  by  a  furnace  varied  as  the 
square  root  of  the  difference  of  temperature  in  the  two  shafts — 
that  is  to  say,  if  the  mean  temperature  of  the  down-cast  be  50°  F. 
and  the  upcast  75°  F-,  if  the  temperature  of  the  up-cast  be  in- 
ci-eased  to  150°  the  ventilation  will  be  doubted,  a«  the  difference  in 
the  lirst  ine^once  was  25°  and  in  the  second  100° ;  therefore, 


The  objections  to  furnaces  are  the  danger  of  introducing  fire 
into  minet)  yielding  fire-damp,  the  risk  of  setting  adjacent  coal  on 
tire,  the  corrosive  effect  on  all  shaft-fittings  and  tubbing,  and 
to  the  fact  that  no  more  than  a  certain  quantity  of  air  can  be  got 
out  of  a  given  fuj'niice,  no  niiitter  bow  much  c(m1  is  used. 

Furnaces  are  most  objectionable  where  tubbing  is  employed,  as 
the  wood  sheeting  between  the  segment*  is  continuaLy  b^g 
burnt  out.  Lining  with  brick-work  offers  little  protection,  as 
when  the  fires  are  damped  down  (for  repaint  to  furnace  or  drift) 
the  tnbbing  contracts  so  much  that  a  large  escape  of  water  bikes 
place,  which,  in  some  instances,  so  cools  the  shaft  that  the  air- 
current  is  reversed.  Where  tubbing  is  employed,  it  is  practically 
impossible  to  stop  firing.  In  some  cases  in  the  north  of  England, 
which  is  the  home  of  furnace  ventilation,  a  second  furnace  is 
often  built,  and  when  the  first  is  slacked  for  repaire  tlie  second 
one  is  stniied. 

Steam  Jet. — In  the  early  part  of  the  century.  Sir  Goldsworthy 
Oiirney  proposed  that  furnace  ventilation  should  he  superseded 
by  the  use  of  a  steam  jet.  Steam  at  high  pressure  was  to  be 
carried  in  pipes  down  the  shaft,  and  aUowed  to  escape  at  the 
bottom  through  a  series  of  jets  arranged  gridiron- fashion  across 
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the  {dt.     As  it  n'as  soon  fauud  that  this  method  was  neither  to 
eoonomical,  nor  so  capable  of  produdog  large  volomas  of  air,  i 
fnmace,  ite  use  waa  abandooed,  aad  except  in  cases  of  eaieitgei 
it  is  never  employed, 

Meohanical  Ventilators.  ^From  the  earliest  times  a£t«mpU 
were  made  to  produce  cuiTents  of  all-  by  tnechatiical  means.  The 
Best  forms  coosLited  of  a  species  of  pump,  which,  in  its  improved 
form,  represents  the  moderu  displacement  machine.  Other 
nttempts  were  made  to  circulate  air  b_r  the  rotation  of  fans, 
which  was  not  attended  with  much  success  until  about  thirty 
years  ago. 

The  comparative  elScieucies  of  displacement  machines  and  cen- 
trifugal ventilutors  have  beeu  exhaustively  dealt  with  by  Mr.  W. 
Cochi-aoe."  The  chief  disadvantages  of  the  farmer  are  the  heavj 
and  cumbrous  machine  which  has  to  be  employed  to  produce 
large  quantities  of  air,  and  the  defect  that,  if  there  are  sources  <rf 
leakage  in  the  apparatus,  the  volume  of  external  air  thus  let  io 
would  increase  as  the  deprcssioD  increases,  and,  therefore,  the  air 
drawn  from  the  mine  n-ill  diminiah.  The  re-entrj'  of  air  mu£t 
always  be  considerable,  as  a  shutter  is  employed,  which  is  neither 
rigid  nor  even,  in  contact  with  the  casing. 

The  theoretical  objections  have  been  fully  sustained  in  pmctice, 
and  at  the  present  time  displacement  machines  have  been  entirely 
superseded  by  fan». 


Fig.  383. 


will  be  seen  from  Fig.  383, 


of  which  u 
and  varied  typ^ 
esist.  Xl  would  be 
quite  impossible  to 
describe  the  sbepf- 
which  have  led  up 
to  the  latest  desigus, 
or  even  the  whole 
of  the$e  designs. 
Reference  can  only 
be  made  to  those 
lai-gely  in  use,  and 
uhich  give  good 
lesults. 

(.■i,iia;.— Tliisfan 
usually  consists  of 
eight  or  ten  rect^ji- 
gulai-  vanes,  which 
are  not,  however, 
ai  ranged  radially, 
but  are  set  back- 
Each  vaue  is  secured 
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to  &  pair  of  bars  and  aDgle-iroos,  which,  in  their  turn,  are  bolted 
to  caHt-Irou  boe;sefl,  keyed  on  tbe  maiu  shaft.  As  these  bars  ai« 
corned  past  the  bosses  iind  interlaced,  a  very  firm,  simple,  and  in- 
expensive structure  is  obtained.  The  fan  is  enclosed  in  a  casing, 
giving  about  ^  in.  to  i  in.  clearance  on  each  side,  Over  tbe  fan  an 
arch  is  provided,  giving  about  a  in.  clearance  to  tbe  vanes,  such 
arch  being  continued  round  aa  an  invert,  but  towards  the  bottom 
tbe  cleai-ance  is  increttsed,  and  gradually  e.tpands  until  it  eud»  in 
the  sloping  side  of  a  chimney. 

In  its  originiil  form  this  fan  diUered  from  all  others  in  one 
point :  it  was  provided  with  a  sliding  shutter,  a,  which  ia  really  a 
oontiuuation  of  the  circle  of  the  top  arch  of  the  casing.  This 
shutter  allowed  the  area  of  the  discharge  opening  to  be  regulated 
And  fixed  at  suchanamount  that  the  best  results  could  be  obtained. 
In  miiny  fans  only  one  inlet  orifice  was  left  in  the  casing.  On 
the  other  side  a  blank  wall  was  provided,  through  which  the  ahaft 
of  the  fan  passed,  and  was  connected  to  an  engine.  For  machines 
of  small  capacity  such  arrangement  acted  very  well,  but  in  the 
larger  fans  it  was  not  only  found  that  the  ventilator  did  not  get 
sufficient  air,  but  that  all  this  air,  entering  on  one  aide,  and  doing 
HO  diagonally,  threw  a  severe  thi-uut  on  the  shaft  and  its  bearings. 
For  such  reasons  it  was  found  preferable  to  give  snch  fans  a 
double  inlet,  that  is  to  say,  leave  a  circular  orifice  through  the 
casing  on  both  sides. 

The  use  of  the  shutter  ia  to  regulate  the  outlet  to  suit  the 
special  requii'ements  of  the  mine,  and  its  proper  position  can  only 
be  determined  by  esperinjent,  as  no  theoretical  calculations  will 
determine  the  quantity  of  air  that  any  fan  will  produce  from  any 
particular  mine.  If  the  discharge  oi'ifice  be  too  targe,  air  will 
re-etiter  the  fan,  while  if  it  be  too  small,  the  air  will  not  get  away 
fest  enough.  The  use  of  the  expanding  chimney  is  to  reduce  the 
velocity  of  the  air  as  it  leaves  the  fan.  When  the  air  leaves  the 
vanes,  it  is  travelling  at  a  very  high  velocity,  but  aa  it  passes  up 
the  chimney,  whoee  ai-ea  increases  as  it  expands,  it  gradually 
tnivelfi  slower  and  slower,  until  at  the  top  it  is  dischai-ged  quietly 
into  the  atmot>phere. 

From  itjj  simplicity,  freedom  from  repairs,  and  high  elliciency, 
the  Guibal  fan  has  been  in  marked  favour  ever  since  its  Introduc- 
tion in  1862,  and  probably  more  of  its  type  have  been  erected 
tlian  of  ail  the  other  fans  put  together.  The  objection  to  the 
Guiltal  is  iu,  very  targe  sise,  the  expensive  foundations  required, 
and  that  it  cannot  be  run  above  a  cei'tain  velocity  with  safety. 
The  latter  difficulty  has  been  removed  by  Messns.  Walker  Broa. 
fabuttei',  which  is  described  a  little  further  on,  but  even  with  this 
tbe  tendency  at  the  pi-esent  time  is  to  put  down  some  of  th« 
smaller  type  of  fanw  which  run  at  very  much  higher  velocities. 

ffaddii.—'Uhi^  is  of  un  entirely  different  type  to  the  Guibal, 
being  what  is  known  as  an  o|)en  running  fan — that  is  t«  say,  it  ii 
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not  enclosed  in  a  casing,  and  air  is  discharged  all  the  nay  roonS'l 
circumference  instead  of  only  at  one  point.  As  coD:^ruct«d  iinti] 
recently,  it  consiBt«d  of  an  arrangement  of  long  and  short  carveA 
bladcH  MTangeil  alternntely  between  two  iron  diacs ;  one  of  the^ 
discs  ie  provided  vrith  a  central  opening  through  which  the  aii 
piuues  into  the  fan,  and  id  inclined  towards  the  other  disc  at  such 
an  amount  that  the  products  of  the  angular  velocity,  multiplied 
by  the  sectional  areii,  at  any  point,  are  constant  throughout  tbfl 
fan.  Mr.  Walton  Brown*  him  described  several  motiidcations, 
which  have  been  recently  introduced.  In  the  old  type  the  nir 
was  discharged  into  the  atmosphere  at  a  Bomewhat  high  velodty, 


Fig.  3S4- 


butinthe  new  fan  ita  velocity  is  considerably  reduced  by  the 
addition  of  a  trnm pet-shaped  outlet  which  extends  beyond  the 
esterual  ends  of  the  blades.  Fig.  3S4  shows  the  fan  as  constructed 
at  the  present  time ;  a  and  b  are  the  curved  blades,  the  former 
running  down  to  the  centre.  The  area  of  this  outlet  is  more  than 
double  the  area  described  by  the  external  tips  of  the  blades,  con- 
Be<|uently  the  velocity  oE  the  air  is  gradually  reduced  as  it  p.isses 
through  this  divergent  outlet,  and  as  the  resistance  varies  with 
the  square  of  the  velocity,  le.ss  power  is  required  to  discharge  the 
air,  and  therefore  less  power  is  required  to  drive  the  fan,  the 
result  of  which  is  to  increase  its  efficiency.  In  addition,  the 
blades  are  brought  in  toward!^  the  centre,  and  the  air  strikes  all 
parts  of  them  equnily,  but  to  give  the  maximum  area  for  | 

•  Fed.  Ibsl.  ii,  173. 
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entraDoe  of  the  air,  the  long  blades, «,  are  reduced  iu  width  ua 
they  near  the  centre.  The  disadvaotage  of  opeD-running  fang  is 
their  liability  Ui  be  a9ect«d  by  high  winds. 

A'ehiele. — TLis  is  an  enclo-sed  fan,  but  is  not  pliiced  centrally 
tvithin  the  casing  {Fig.  ^Ss).  The  moving  |>art  is  small  in 
diameter,  and  the  bkdes  of 

the  fan  taper  from  the  tip  Fit.  3S5. 

widening  towards  the  centre. 
The  nir  enters  at  each  side 
in  equal  proportioDG,  and 
the  vanes  revolve  between 
a  casing  of  such  form  thiit 
it.*  sides  follow  the  taper  of 
the  blades,  while  the  cir- 
cumference is  arranged  as  a 
gradually  increasing  volute 
chamber  surrounding  the 
periphery  of  the  blades, 
onlminatiDg  in  the  esit, 
which  forms  the  widest  part  of  the  uu-  chiimlHir. 

Coetton. — The  objections  to  the  Guibal,  as  befoi-e  mentioned, 
are  ita  great  weight,  aise,  and  the  vibi'ation  resulting  from  its 
uulukliinced  nature.  To  remedy  the  latter  defect,  Mr,  Oockson 
ha-s  moditied  the  ordinary  construction.  The  cloBe-fitting  casing, 
expanding  chimney, 

and  adjustable  shut-  Fiu-  386- 

ter  are  retained,  but 
the  blades  taperfrom 
the  centre  to  the  cir- 
cumference in  Kuoh 
proportion  that  an 
equ&l  area  of  air 
piusuge  is  obtained 
tbi-oughout  the  fan 
(Fig.j86).  Tlie  ex- 
panding chimney  is 
not  so  wide  in  one 
direction  owing  to 
the  blades  tapering, 
and  ita  width  is, 
therefore,  increased 
id  the  other  direction 
BO  OS  to  obtain  the  proper  area  of  discharge,  This  alteration  has 
removed  the  objectionable  vibration,  such  fans  being  practically 
noiseless,  and  an  they  are  more  balanced,  can  be  run  at  a  higher 
speed,  thereby  allowing  a  smaller  one  to  be  used, 

CaiitU.^Vhia  fan  (Fig.  387),  is  a  departure  ivom  all  others  in 
its   arrangement  and  construction.     All  rizes  above  eight  feet 
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(liamoter  are  eonstnict^d  with  a  double  inlet.  Tie  fan  is  ■) 
both  vertically  and  horizontally,  into  cfaambeTs.  Tbe  vertifll 
division  oonsista  of  a  stiff  steel  diaphragm,  a,  wliicJi  entjielf 
separates  the  air  received  on  one  side  from  that  of  the  other.  TIm 
horizontal  division  conxistsof  a  cylinder,  6,  having  a  s 
holes  through  it,  and  iisuaUy  six  blades,  c^  projecciiig  i 

Fio.  387. 


curved  with  the  convex  side  in  the  direction  of  rotation.     Tbe 

air  first  enters  into  tbia  cylindrical  chamber,  and  is  discharged 
through  tbe  port-holes,  d,  at  a  very  high  velocity  against  the  inner 
and  concave  side  of  the  outer  wings.  It  is  claimed  that  to  an 
extent  the  via  viva  in  the  air  is  given  up  to  the  outer  win^  tad 

Fkv.  388. 


actually  assists  in  dnving  the  fan  The  velocity  of  the  air  is  also 
reduijed,  as  tbe  size  of  the  external  chamber  is  gi-eater  than  the 
internal  one  and  when  it  leaves  the  tips  of  tbe  blades  a  further 
i-eduction  takes  place  as  the  air  is  dischiirged  into  a  spiral  volute 
chamber,  and  finally  passes,  by  means  of  an  expanding  chimney, 
into  the  open  nir. 

Walker. — This  is  one  of  the  more  recently  dasignod  fans,  and  is 
more  or  less  a  combination  of  several  types.  It  has  Quibal  blades, 
chimney,  and  shatter,  but  it  is  placed  eccentrically  in  the  caiung 
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a  Schiele,  Its  coustruction  is  of  the  strongest  type,  and  it  i! 
med  by  the  mokefs  to  be  iadestmctible.  It  is  built  up  soiii&- 
s  follows  :  In  the  centre  is  a  milJ  steei  disc,  G  (Fig,  388), 
phich  does  not,  however,  rench  the  circmnference  as  in  the  Capell. 
n  each  side  of  this  are  angle-b-ons,  C,  to  which  the  vanes.  A,  eight 
in  number,  ore  attached.  Rivets  pass  through  the  two 
rons  and  disc,  and  thi-ough  each  aogle-iron  and  blade.  The 
supported  between  two  iron  bosses,  D,  turned  where  they 
me  in  contact  with  the  disc  plate,  and  secured  thereto  by  turned 
olts  driven  into  liuiered  holes.  Tlie  bosses  are  boi'ed  out  and 
d  to  the  fan  shaft  by  keys.  The  blades  in  the  larger  fans 
?e  also  braced  together  by  struts,  H,  and  strengthened  by  a  giiKset- 
stay,  B,  and  instead  of  being  full  width  from  the  top  to  the  boss, 
they  are  cut  away,  as  shown  nt  A,  in  the  cross  section,  and,  if 
necessary,  removable  pieces  are  iittaclied  by  bolts,  to  partially  fill 
up  the  opening.  By  doing  so,  it  is  claimed  that  the  minimum 
amount  of  central  obstruction  with  the  largest  amount  of  fan 
power  could  be  secured  in  each  case. 

The  two  fans  la.st  described  seem  to  be  the  ones  most  in  favour 
at  the  present  time ;  both  of  them  have  high  efficiency  and  both 
are  cheap.  Neither,  however,  have  been  in  use  long  enough  to 
determine  whether  their  wearing  capacity  is  equal  to  that  of  the 
larger  slow  running  fnns,  which  have  been  so  well  tried  and 
proved  in  the  past. 

Walker's  Shatter. — The  object  of  this  invention  ia  to  reduce 
the  objectionable  noise  and  vibration  caused  by  rotary  fans.  In 
the  oHinary  Guibal,  the  edge  of  the  shutter  forms  a  horizontal 
line  parallel  with  the  shaft  of  the  fan,  and  faces  the  blades.  A. 
tittle  consideration  will  show  that  during  the  revolution,  as  each 
blade  nears  the  discharge  orilice,  it  hae  on  it  a  large  pressure,  but 
as  soon  as  the  tip  of  the  blade  and  bottom  of  the  shutter  coincide 
the  delivery  of  air  is  abiniptly  terminated,  the  fan  enters  the  fan 
casing,  the  load  is  removed,  and  a  rebound  necessarily  takes  place. 
The  jerk  thus  caused,  b  transmitted  to  the  fan  shaft,  and  aa  each 
arm  acts  in  a  similar  manner,  the  result  is,  that  the  whole  struc- 
ture is  in  6  coiuitant  state  of  vibi-ation,  and  injury  to  it  must 
neceesarily  follow. 

'     e  the  horizontal  edge  of  the  shutter  with 

Sach  blade  commences  to  discharge  at 

£  it  proceeds  on  its  journey  meets 

•&  of  discharge  onfice,  until  at  the 

i  stopped.     As  a  I'esult,  the  pressure 


Messrs,  Walker  replat 
an  inverted  V,  thus,  y\. 
the  broad  part  of  the  \,  t 
with  a  gradually  decreasin^ 
top  of  the  /y  all  egress  of  a. 


J  gradually  taken  off  each  vane.  The  length  of  the  y^ 
is  somewhat  greater  than  the  distance  between  two  blades,  so 
that  the  following  vane  may  be  oppo»te  the  commencement  of  tlie 
shutter  before  the  blade  next  in  advance  has  entii-ely  left  it. 
Without  doubt,  this  is  one  of  tbe  greatest  improvements  which 
has  been  &ddcd  to  enclosed  fans  of  late  years. 
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Driving  by  Straps  and  Hopes. — High  speed  fans,  except  Id 
ture  iDstanctia,  are  not  driven  direct  by  engines,  but  througb  belts, 
or  better  stOI,  by  a  number  of  ropes  working  in  grooved  pulleys. 
With  A  fcteady  running  fan-engine  high  degrees  of  expansitn  tttD 
be  need,  as  the  work  is  uniform,  but  such  procedure  causae  a 
oertain  amount  of  shock  to  the  fan,  as  the  piston  i-eceives  fiiU 
pressure  of  steam  at  beginning  of  stroke.  Then  steam  is  cut  off, 
and  the  rest  of  the  revolution  is  due  to  the  momeittum  obtoioeJ 
and  the  ejipaasion  of  steam  already  in  the  cylinder.  The  fan  is 
thus  practically  driven  by  a  series  of  kicks. 

Belts  or  ropes  take  up  this  shock.  Bopes,  lUthough  more  expen- 
sive than  beltu  in  first  cost,  are,  perhaps,  the  best  in  the  long  run. 
If  a  belt  breaks,  all  the  muchinery  is  stopped,  but  all  the  rope« 
will  never  break  at  the  same  time.  The  only  mistake  that  am  be 
made  is  to  put  too  great  a  strain  on  each  rope,  by  which  msr 
hecomet<  very  rapid.  These  ropes  are  consti-ucted  of  hemp,  ftnd 
to  obtain  sufficient  grip  ai'e  generally  made  to  run  in  groo?ee, 
whose  sidee  are  inclined  towards  each  other  at  an  angle  of  45'. 
The  ordinary  method  of  application  is  to  have  each  rope  in 
separate  gi-ooves.  They  are  pulled  very  taut  iit  first,  but  get  ks* 
tight  as  the  rope  lengthens.  Another  method  is  to  wind  a  single 
rope  round  the  owo  pulleys  as  many  times  as  required  for  Uie 
necessaty  horse-power,  and  to  put  on  a  tension  pulky  to  get  the 
required  grip  and  to  take  up  slack. 

The  wear  of  a  rope  is  due  to  two  causes :  internally,  bv  the 
movement  of  the  fibres  on  each  other  due  to  the  bending  on  the 
pulleys,  and,  externally,  through  the  wedging  and  slipping  in  the 
grooves  of  the  pulley,  both  of  which  may  be  said  to  be  directly 
proportional  to  the  speed.  Bope  drives  have  only  been  employed 
for  about  the  post  twelve  years,  and  have  not  been  in  use  suffi- 
cient time  to  determine  their  wearing  capacity;  it,  however, 
appears  to  be  unlimited, 

Arrangement  of  Engines,  &c.— To  minimise  the  result  of  a 
bi-eokdowu  in  the  engine,  it  in  uhual  to  apply  two  to  a  fan,  each 
working  alternately  for  certain  leugtbs  of  time,  generally  about 
three  months  at  a  stretch. 

This  arrangement  only  provides  relief  in  case  of  accident  to  the 
engine,  and  if  the  fan  breaks  down  everything  is  stopped.  Of 
late  years  it  has  become  common  to  duplicate  the  whole  of  the 
ventilating  nmchinery,  and  work  each  fan  alternately.  A  vety 
good  arrangement  for  two  ventilators,  as  apphed  at  Celyneu 
CoUiery,  South  Wales,  is  shown  in  Fig,  389.  Two  Waddle  fans, 
each  45  ft.  diameter,  are  situated  as  illustrated.  The  air-drifts 
are  16  ft.  wide  by  21  ft.  high,  and  in  et\ch  one,  at  points  a  and  b, 
are  eight  wooden  doors,  working  tn  iron  frames  (see  cross  section). 
These  doors  open  towards  the  fans. 

To  change  fans,  the  one  that  has  been  standing  is  started,  and 
speed  gradually  got  up  to  about  40  i-cvolutions.     The  other  fan  is 
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alowed  down  to  50  re  volution  b,  whUa  the  speed  of  the  second  faois 
increased ;  immediately  the  revolutions  of  the  second  fan  exceed 
those  of  the  first,  the  air  doora  in  its  drift  open,  and  at  the  same 


time,  those  going  to  the  first  machine  shut  The  first  fan  is  then 
stopped,  and  the  speed  of  the  second  one  increased  to  the  ordinary 
amount. 

Determmation  of  the  Useftil  Effect. — The  amount  of  use- 
ful effect  produced  by  a  fan  is  found  by  carefully  determining  the 
quantity  of  air  put  into  circulation  by  it,  and  by  measuring  the 
water  gauge.  Each  iuch  of  water  gange  is  equal  to  a  pressure  of 
5.3  lbs.  per  sq.  ft.     The  horse-power  in  the  air 

33.000 
where  y  =  the  quantity  of  air  in  cubic  ft,  per  minut«and  W.O," 
water  gauge  in  inches. 

While  the  air  measurements  are  being  taken,  the  speed  of  the 
engine  is  carefully  noted,  and  indicator  diagrams  taken,  from 
which  the  mean  steam  pressure  in  the  cylinder  is  determined. 
The  H,  P.  of  the  engine 

pxd'x  .7854  n  z  n  3  )i  R 


33.0c 

where  p— the  average  steam  pressure,  d  =  the  diameter  of  the 
cylinder,  S  =  the  length  of  the  stroke  in  feet,  and  B.  =  tbe  number 
of  revolutions  per  niiuute.  The  ratio  between  the  horse-power  in 
the  air  and  the  horse-power  exerted  by  the  engine  gives  the  useful 
effect  of  the  fan. 

It  must  be  admitted  that,  in  comparing  fans,  it  is  scarcely  fair 
to  do  BO,  without  deducting  the  power  required  to  drive  the 
engine  when  it  is  not  connected  to  the  fan.  The  higher  type  of 
engine  in  perfect  condition  necessarily  absorbs  lees  power  to  drive 
it  than  a  badly  designed  machine  in  an  indifferent  condition ;  it 
may,  therefore,  happen  that  a  good  fan  driven  by  a  bad  engine 
will  not  show  such  a  high  efficiency  as  a  less  perfect  fan  driven 
by  a  good  engine. 

Efficieaoy  of  Fans. — No  matter  whether  the  fan  b  a  large 
one,  running  slowly,  or  small  one,  travelling  at  high  velocity,  the 
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work  done  depeude  on  the  Bp«e<l  of  the  periphery,  nr  tangentul 
velocity.  The  the<B«liml  depressioo  which  a  pei^ect  [an  wooU 
produce  is  determined  by  the  (ormuk — 


nbere  H  U  expressed  in  feet  of  air  column  required  to  overcome 
the  resistance  of  the  mine,  and  u  =  tangential  velocity  in  feet  per 
aeoond.  This  depression  is  never  realised  in  practice,  owin^  to 
several  causes,  the  chief  of  which  is  the  reostanoe  of  the  machbe 
itself  to  the  passage  of  the  air  through  it.  The  theory  of  venti- 
latora  now  generally  accepted  is  that  of  Mr,  Murgue,*  the  third 
part  of  which  has  been  trantilflted  into  English  by  Mr.  A.  L 
SieavenBon,t  to  wliich  the  student  is  referred  for  the  reasoning 
by  which  the  following  foruiulie  are  deduced. 

Mr.  Murgue  tissimiliites  every  mine  to  an  oritice  in.  a  thin  plate, 
which  he  (^Ib  the  "  epiitxtUnt  orifice,"  that  is  to  say,  all  minfls 
requiring  a  certain  water  gauge  for  the  production  of  a  certain 
volume  of  air  are  exactly  equivalent  to  an  orifice  in  a  thin  plate 
which  retjuires  the  same  water  gauge  to  pass  the  same  volume. 
By  this  means  all  existing  mines  can  be  compared  by  the  sun  <f 
their  orifices. 

The  equivalent  orifice  depends  upon  the  well-known  laws  reltt- 
ing  to  the  flow  of  fluids,  being  chiefly  afiected  by  what  is  known  i» 
the  vena  eontracta,  or  the  quantity  which  passes  through  an  orifice 
in  a  thin  plate  is  0.65  that  of  the  quantity  due  to  the  area  of  tlw 
full  orifice.  If  it  is  assumed  that  the  normal  densities  of  air  and 
water  are  respectively  1.3  and  1000  and  expressing  V,  the  volume, 
in  thousands  of  cubic  feet  per  minute  and  k  in  inches  of  water  gauge, 
the  equivalent  orifice  a  will  be  found  from  the  formula — 

V 

Q  =  a403  — ^ 

The  second  point  of  Mr.  Murgue  is  that  the  ventilator  < 
while  exhnusting  the  air  from  the  mine,  forms  at  the  same  time  ui 
obstacle  to  the  passage  of  the  air,  causing  a  sensible  loss  of  dntj. 
This  he  calls  the  "  orifice  of  poMoge." 

In  order  to  compare  two  machines,  they  are  regulated  to  the 
same  speed  of  periphery,  or  their  results  may  be  easily  reduced  to 
equal  speeds,  since  the  volumes  vary  as  the  revolutions,  and  the 
depressions  as  the  square  of  the  speeds. 

The  mine  is  altered  to,  say,  five  different  conditions,  first,  by 

•  Soc-Ind.  MIe.  {a^Scriel,  istpaM,  ii.  445'.  *Qd  part,  iv,  747 ;  3rd  put, 
t  The  Theory  aad  J\riKlice  of  Ceitlrifugai  Vcnlilatiag  MarMna.    London. 
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urting  tlie  passages ;  then  in  a.  Dorma.)  state ;  and  afterwm-da 
opening  some  of  the  doors. 
■Witli  the  equivalent  onfltea  of  thfi.te  five  different  minea,  or 
iditionsof  mine,  plotted  ft«  abscissae,  and  the  volumes  as  ordtnates, 
curve  is  obtainftd,  which 
Uearly  shows  the  effective-  Fio,  ^go. 

each  fan,  and   i^ 
its      "  cAorocterisfic 

perfect    fan    moving 
bhout  friction  and  giving 
tetheoretical  water  gauges, 
>duces  volumes  of  air  pro- 
rtional  to  its   equivalent 
and    its     curve     ia 
esented    by  a    straight 
,   0  B,   Fig.   390,  com- 
ing  from    the    origin, 
when    the     mine 
I  closed  the  volume  of  nil- 
necessarily  itH.     Owing 
the   reaiataiices    of    the 
itself   which  vary  with 
the    volume    produced,  the 
straight  line  is   never  ob- 
tained in  practice,  but  a  curved  one  takes  its  pk 
this  curved  line  approaches  the  sti-aight  one  the 
the  fan. 

In  calculating  the  efficiency  of  funs  the  chief  error  which  is 
likely  to  arise  is  neglecting  the  amount  of  natufal  ventilation,  an, 
if  thiR  is  large,  it  has  to  be  passed  through  the  fan,  and  in  doing 
BO  little  or  no  water  gauge  is  produced. 

Under  favourable  conditions,  and  with  a  machine  designed  for 
the  work  it  has  to  perform,  the  efficiencies  of  the  Ouibal  and  im- 
proved Waddle  fans  may  reiich  65  to  70  percent.,  while  that  of  the 
Schiele  fan  is  smaller.  The  efficiency  of  the  Capell  and  Walker 
fans  is  probably  higher  than  the  above  figure.  Any  fan  dealing 
with  the  maximum  quantity  of  air  that  it  was  designed  to  pass, 
gives  better  results  than  if  the  quantity  of  air  put  into  circulation 
is  either  more  or  less  than  the  amount  for  which  it  waa  designed. 
It  is  very  difficidt  to  arrive  at  the  relative  merits  of  thediffeivnt 
types  of  fans,  as  comparisons  are  apt  to  be  misleading.  In  order 
to  arrive  at  a  trustworthy  conclusion,  the  fans  should  be  of  equal 
capacities  and  be  working  under  the  same  conditions.  The  latter 
condition  can  scarcely  be  fulfilled  unles!<  the  fans  are  applied  to 
the  same  mine.  In  order  to  determine  the  relative  merits  of  the 
various  types  of  fans,  the  North  of  England,  the  South  Wales, 
and  the  Midland  Institutes  of  Mining  Engineers  have  appointed 
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a  Commitfee,  but  unfortunately  their  report  U  not  jret  ii 
(May  1893). 

CompariBon  of  Furnaces  and  Fans. — Mr.  J.  J.  AtkiiiwD 
appeals  to  liflve  bei'n  the  only  persoo  to  theoretically  compiue  tiw 
relative  efficiendea  of  furnace  anil  mechanical  ventUation.* 
After  conaidering  the  varying  circumstances  of  liill'erent  mines 
and  the  conditions  under  which  furnaces  and  fans  produM  » 
ventilating  current,  he  gives  a  formula  from  which  it  appeals 
that  the  depth  at  which  furnace  action  becomes  ae  ecoQoniitsl  ia 
fuel  as  a  ventilating  machine,  increaiies  directly  as  the  voliuoe 
BKfiutned  by  a  given  weight  of  air  as  due  to  the  average  npcast 
temperature  required  for  the  production  of  vent41ation  by  furnace 
action — that  is  to  say,  inversely  its  the  average  den-sity  of  the 
heated  air  in  the  upcast.  This  depth,  of  course,  must  decrease  ia 
the  same  propoition  that  the  fuel  per  horse-power  per  hour, 
required  to  drive  the  engine  of  a  ventilating  machine  increases. 

By  this  formula  the  following  table  was  calculated,  showing 
the  deptlia  at  which  furnaces  become  equal  to  ventilating  machines 
in  point  of  economy  of  fuel,  on  the  assumption  that  the  fuel  due 
to  the  temperature  lost  between  the  furnace  and  the  point  in  the 
upcast  column,  whera  the  average  temperature  prevails,  is  the 
same  percentage  of  the  whole  fuel  aa  th.it  which  arises  from  tb« 
application  of  ventilating  machines,  driven  by  engine  power,  t» 
produce  the  eame  ventilation : 


'-.•.';='■■■■■ 

AVERAGE  TEMPERATPRB  OP  UPCAST 
COLDMNS. 

lOo'P. 

..'F.          1          „.p.          1 

8 

lt,l>ihlQYvdi. 
958 
766 
638 

Depth  ia  TiRli. 
1044 
834 
696 

Depth  in  r«di 
1130 
904 

75* 

A  table  is  also  given  showing  that  the  average  loss  in  eleven 
cases  of  furnace  action  was  40  per  cent.  If  therefore  ventOatiog 
machines  lose  40  and  utilise  60  per  cent,  of  the  engine  power, 
the  depths  that  ai'e  neceKsary  to  render  furnace  ventilation  at 
economical  as  such  ventilating  machines  in  the  consumption  of 
fuel  are  as  stated  above.  It  should,  however,  be  noted  that  many 
engines  at  the  present  day  do  not  consume  4  Iba.  of  coal  per 
hoi-se-jwwer  per  hour,  and  hence  the  economy  of  fan  ventilation 
is  more  than  that  shown  by  the  tiible. 

•  a.  E.  I.  vi.  135. 
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Mr.  C.  Cockson,  after  giving  a  deseriptJoH  of  a  fan  at  Dairy 
Pit,  Wigan,*  stated  that  the  plant  was  erected  to  take  the  place 
cf  two  underground  furnaces,  having  a  fire-bar  area  of  1 29  square 
feet  on  which  12  tons  17  owt.  of  Arley  mine  mixture  were  burnt 
per  34  hours,  producing,  with  the  furnace  very  hard  fired,  143,570 
cubic  feet  of  air  per  minute,  the  cost  foi'  wages  being  ig«,  yl.  and 
for  fuel  ^4  3a,  -jd.,  or  a  total  cost  of  ^^'5  2».  lod,  per  24  hours, 
which,  multiplied  by  365,  will  be  ,^^1876  per  annum.  The  fan 
gave  the  same  quantity  of  air  as  the  furnaces  when  running  at 
5  2  revolutione  per  minute,  burning  4  tons  2  cwt.  of  rough  buzzard 
slack  per  24  hours,  and  costing  for  wages,  loa.  6d.,  and  for  fuel, 
15s.  4^. ;  or  a  total  per  day  of  £1  5«.  lod.,  which,  multiplied  by 
365,  gives  a  cost  of  ^47  r  per  annum,  or  a  saving  by  the  use  of 
the  fan  on  the  two  items  of  fuel  and  labour  of  ^1405  per  annum. 
Of  course,  from  this  an  allowance  haa  to  be  umde  for  interest, 
depreciation,  storex,  &.c. 

Many  similar  instances  could  be  quoted  if  it  were  necessary, 
but  it  is  now  generally  admitted  that  mechanical  ventilation  ia 
superior  to  furnace  ventilation,  as  it  is  more  under  control, 
cheaper,  more  efficient,  and  capable  of  being  easily  varied  in 
quantity  whenever  desired. 

DISTEIBUTIONOPTHEAIBCUBHENT.— Having  de- 
scribed the  means  of  pro<luciog  the  air  current,  and  the  laws  which 
regulate  its  flow,  its  distribution  undei-ground  should  be  readily 
understood.  It  lias  been  mentioned  that  two  paths  are  provided  for 
the  current,  one  for  the  fresh  airtoenterondthe  other  for  its  return. 
The  distribution  into  the  workings  is  a  far  moi'e  difficult  point  thiin 
eimply  leading  it  along  two  roads.  To  reduce  resistance  and  allow 
large  volumes  to  bei-eadlly  passed,  it  is  necessary  that  the  air-waya 
should  have  as  large  a  section  na  possible.  As  the  resistance 
varies  with  the  square  of  the  velocity,  the  only  practicable  way  to 
pass  large  quantities  is  to  reduce  the  velocity,  which  may  be  done 
by  diminishing  the  rubbing  surface,  increasing  the  area,  of  the  air- 
way, or  better  still,  by  what  is  known  aa  splitting,  that  is  to  say, 
dividing  the  current  into  several  parts,  and  providing  a  separate 
aiivway  for  each.  Supposing  one  current  of  100,000  cub.  ft, 
exists  in  the  mine,  and  passe-;  down  an  air-way  having  an  area  of 
100  sq.  ft.,  its  velocity  would  be  1000  ft.  a  minute.  If  this  cur- 
rent be  divided  into  five,  each  of  which  contains  20,000  cub.  ft., 
the  aiane  total  quantity  will  be  ijas.sed  through  the  mine,  and 
if  each  of  these  currents  be  provided  with  an  air-way  100  eq.  ft. 
in  area  the  velocity  will  be  sod  ft.  per  minute,  or  only  ons- 
lifth  of  what  it  was  before,  consequently  the  resistance  is  reduced 
to  one  twenty-fifth  part. 

The  enormous  gain  resulting  from  splitting  the  air  ia  at  once 
appai«ut,  but  it  must  be  remarked  that  there  is  a  limit  to  the 
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number  of  Hplita  thai  coo  be  used  at  Miy  miiis.  All  the  sf&t, 
however  w]iarat«  tliey  uiay  be  kept  in  the  workjngs,  h&ve  to  anke 
nt  the  bottom  of  tlie  iipcKst  Hhnft,  and  poes  through  it ;  therefore, 
wheii  the  i'ei<istHti(»  iif  the  shiift  is  equal  to  the  sum  of  the  reast' 
unoe  of  the  oii'-wttyK,  the  limit  of  advantageous  splitting  it 
reached. 

To  obtain  the  bei^t  rettults  from  Bplitting  the  air-ciin'eDt  it  is 
neoeasury  that  everj-  split  ehoutd  commence  as  near  as  possible  to 
the  eliftft  bottom, iiud  tiave  a  eejiaiute  in-toke  and  retunt,  and  thit 
the  8p1)t»  fhould  approximate!}'  be  of  equal  lengths,  to  aroid  the 
ueceSHity  for  regulating  doors. 

Stoppings.— When  the  two  nuun  roads  are  being  driren,  ona 
for  the  ill-take,  mid  the  other  for  the  return,  they  are  connected 
nt  int«rv-als  by  croBs-dnv-ages,  and  thoee  nearest  the  shaft  ire 
stopped  up  again  immediately  another  one  nearer  the  face  it 
driven.  Thet^e  etoppiugs  are  usually  built  of  dirt  or  rubbish,  and 
a  brick  wrII  put  on  the  side  nearest  the  in-take  current.  Every 
care  should  be  taken  that  tbis  is  mr-tight,  or  a  small  quantity  will 
escape  through  and  pass  away  to  the  up-cast  shaft  without  doing 
any  good.  The  piHclice  is  sometimes  followed  of  leaviug  a  small 
hole  through  the  stopping  to  ventilate  the  croes-road,  but  it  is  dif- 
ficult to  see  how  this  can  do  any  good,  as  the  quantity  of  air 
which  escapes  through  is  so  small,  that  it  cnunot  effectively  reoii- 
late  the  i-oad  ;  while  the  total  loss  occnsioned  by  a  number  of  such 
outlets  seriously  reduces  the  quantity  jwssing  into  the  workings. 

Doors. — Where  tulis,  men,  or  animals  have  to  pass  through 
these  croBK-i'oods,  doors  replace  the  stoppings  previously  referred 
to.  (Jeuei-ally  two  and  often  three  spIs  of  doors  are  employed, 
the  object  of  which  is  to  prevent  the  possibility  of  all  being  open 
at  the  same  time.  The  main  doors  which  are  of  a  permanent 
character,  should  be  built  in  a  masoniy  abutment,  carefully  made 
and  fitted,  and  provided  with  a  latcL,  If  tubs  tiuvel  through  the 
road  a  guard  should  be  fixed  to  each  door  to  prevent  the  tub  strik- 
ing the  woodwoi'k;  this 
Fia.  3gi.  usually  consists  of  a  curved 

strip  of  flat  iron,  bent  as 
shown  in  plan  by  Fig.  391. 
Unless  this  precaution  is 
taken,  sooner  or  later  tlie 
door  will  be  damaged,  and  leakage  of  air  follows. 

It  sometimes  happens  that  doors  hnve  to  be  placed  in  roads 
whei-e  haulage  is  oanied  out  by  mechanical  means,  although  such 
practice  is  by  no  means  to  be  i-ecommended.  Either  special  boys 
have  to  he  kept  to  open  and  shut  these  daors  at  the  proper  time, 
or,  what  is  still  better,  a  self-closing  door,  illustrated  in  plnn  and 
elevation  (Figs.  39Z  and  393),  which  isadopted  atHetton  Collier)', 
can  l>eiised.  The  doorLs  in  two  divisions,  himg  by  pulleys  travel- 
ling on  rails,  these  being  arranged  at  such  an  inclination  that  the 
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t  lialvea  run  together  by  their  own  weight,  and  shut  close. 
iged  to  the  edge  of  each  half  where  it  meets  the  other,  and 
ut  2  ft.  from  the  bottom  of  the  door  is  a  stout  piece  of  angle 

wl,  a  a,  about  8  ft.  long,  the  outer  end  of  which  passes  through 

n  Bj-e  bolt  fastened  to  a  tree,  c,  this  being  placed  as  near  the 
rails  as  will  only  just  allow  the  tub  to  pa«s.  When  a  set  reaches 
the  doOr,  the  firxt  tub  en- 
counters the  bars,  a,  pres.sea 
them  outwards,  and  in  doing 
80  opens  the  door,  which 
closes  again  when  the  last 
tub  has  gone  by.  As  this 
arrangement  is  simiUr  on 
both  sides  of  the  door,  it  is  | 
opened  equidly  easily  which- 
ever way  the  set  ia  travelling, 
and  the  motion  being  gradual 
there  is  a  complete  absence  of 
shock,  so  noticeable  wlien  the 
tubs  strike  against  ordinary 
doors. 

Begulating  Doors. — If 
ail  the  spUts  are  of  equal 
length  and  the  air-ways  of 
equal  area,  the  same  resi.ut- 
ance  b  encountered  by  eaoli, 
but  as  such  condition  scarcely 
everexistSjartificirtlresistancp. 
has  to  be  added  to  regulate  pr^ 
the  quantity  passing  in  each  f^^ 
split  to  the  desired  amount.  '  ' 
If  it  were  not,  the  shortest 
splite  would  take  the  largest 
quantity.  This  regulation  is 
effected  by  an  opening  in  a 
door,  such  being  covered  by 
a  sliding  shuttei-,  which  can 
be  set  at  any  point  to  givt 
the  desired  result. 

Air  Crossings. — In  splitting  air,  one  current  has  to  pass  over, 
or  under,  the  other,  but  it  must  do  so  in  a  separate  conduit. 
Thw  is  effected  by  what  are  known  as  air  crossings.  A  temporary 
form  ia  to  build,  where  two  roads  cross  each  other,  a  brick  wall 
on  each  side  of  the  intake  current,  placo  two  timber  bearers  on 
the  top,  and  connect  the  two  walls  by  planks  laid  across.  The  in- 
coming current  passes  between  the  walls  underneath  the  planks, 
while  the  return  air  passes  over  the  walls  and  planks. 

This  construction  results  in  great  toss  by  leakage,  especially  if 
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tben  It  Kij  movement  io  the  groniiil     At  Lye  Ctogs  pit,  < 
ings  are  u^ed  as  iliustrated  in  Figs.  394  and  395.     Jn  the  in-tiike 
n»d  an  icivert  of  m&sonry  and  two  side  waHa  are  built,  girdera  pot 


across    from 


Fist  394  ASD  395. 


to   theotiwr 


bricked 
small  arches.  The  return  air- 
way  JB  formed  by  carrying  two 
walla  up  to  the  roof,  this  being 
also  capped  by  girders  which  mn 
at  right  angles  to  those  preri- 
ously  mentioned.  The  constmc- 
tJoD  is  Tery  solid,  but  is  required 
on  account  of  the  movements  in 
the  strata,  nliicb,  if  not  pr^ 
vented,  would  result  in  serious 
leakage. 

In  fiery  mines,  should  an 
exploeioD  happen,  all  stopping 
conBtruct*d  in  the  ordinary  way 
would  be  blown  down,  the  two 
currents  intermingled  and  Tenti- 
lation entirely  suspended,  Topro- 
vide  against  such  contingency, 
it  is  often  the  practice  to  drive 
the  return  air-way  some  consi- 
derable distance  abuve  the  in- 
take (Fig.  396). 

LoM    in   Circulation.— By 
the  aid  of  stoppings,  doors,and  air 
crossings  the  currents  are  regu- 
lated and  made  to  follow  certiua 
n  order  that  ventilation  shall  be  carried  into  the 
The  greatest  care  must  be  taken 
to  reduce  leakage 
JfJS.  396.  through    cross 

Rxids,  but  in 
spite  of  all  pre- 
cautions only  a 
portion  of  the 
air  that  passes 
through  the 
down-cast  shaft 
reaches  the  working  face.  It  is  difficult  to  believe  how  small  this 
portion  is,  but  the  following  exnniple  given  by  Mj.  Henry 
Palmer*  may  be  quoted,  showing  the  great  loss.  A  ventilating 
current  was  measured  at  several  places  during  its  passage  ttomj 

•  Drit.  60c.  Min.  Stud.  li.  46. 


paths  at  will,  i 
workings  and  perf  or 
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Ktbe  down-cflst  shaft  to  the  workings.     It  ia  stated  that  the  doors 

'i  the  seam  in  questiou  were  well  fitting  and  double,  and  that  the 

toppings  y-eve  made  as  solid  as  potisible,  and  well  stowed.     The 

Tst  measurement  was  taken  140  yde.  from  the  shaft,  and  the 

nuantity  found  to  be  16,650  cub.  ft.  per  minute.     At  S05  yarda 

n«m  the  shaft  the  quantity  was  12,550  cub.  ft. ;  about  this  point 

H  split  of  3140  ciib.  ft.  pilled  away  to  ventilate  an  engine  and 

Btravelling  I'oad.     At  147a  yA6.  from  the  shaft  the  quantity  was 

J7700  cub.  ft.,  and  immediately  after  this  point  a  second  split  of 

3510  cub.  ft.  passed  away  to  ventilate  another  district.     At  the 

face  of  the  workings,  2200  ydj^.  from  the  shaft,  the  quantity  was 

'  1560  cub.  ft. 

It  will,  therefore,  be  seen  that  while  16,650  cub.  ft.  left  the 
shaft,  only  1560  cub.  ft.  reached  the  face.  From  the  initial 
quantity,  however,  the  two  splits  alluded  to,  must  be  deducted, 
viz.,  3140  and  3510,  maMng  a  total  of  6650  cub.  ft,  Deducting 
this  from  16,650,  leaves  10,000  cub.  ft.  and  a  very  simple  ealcuW 
tion  will  show,  that  no  less  than  84.4  per  cent,  of  the  air  current 
was  lost  in  its  passage  from  the  shaft  to  the  working  face. 

HEASITKEUEZrT  OF  AIB  CUBBEITTS.— In  order  to 
determine  the  quantity  of  nir  passing,  the  velocity  has  to  be 
ascertained.  This,  multiplied  by  the  area  in  sq.  ft.  at  the  point 
■of  observation,  gives  the  quantity  of  cub.  ft.  of  air.  The  velocity 
may  be  determined  by  several  methods,  only  two  of  which 
need,  however,  be  consiilered. 

In  the  first,  some  light  body,  such  as  nmoke,  is  employed,  and  < 
the  time  it  takes  to  travel  a  measured  distance  noted.  Even 
when  esercising  the  greatest  care,  the  results  obtained  are  not 
exact,  although  near  approsimations  are  given.  If  the  road  is  of 
nniform  area,  some  definite  quantity,  such  as  one  cubic  inch  of 
gunpowder,  should  be  always  employed. 

Ajietnometers. — At  the  present  time,  the  invariable  practice  ia 
to  employ  what  ai-e  called  anemometers  for  measuring  the  velodtj 
of  the  air  current.  The  common  form  is  known  as  fiiram's  (Ftg. 
397)1  ^hich  consists  of  a  seiiee  of  vanes,  a,  placed  obhquely  to  the 
axis  like  the  sails  of  a  wiudmilL  An  indicator,  or  counter,  ia 
placed  in  the  centre.  The  axis  of  the  vanes  carries  an  endless 
Borew,  which  gears  into  a  wheel,  to  which  a  pointer  is  connected. 
Another  form  much  used  is  Casartelli's,  which  is  very  similar  to 
the  Biram,  but  usually  made  with  five  dials,  registering  unite, 
buudi'eds,  thousands,  6:c.,  and,  in  addition,  a  small  lever  or  stop 
ia  provided,  by  means  of  which  the  counting  mechanism  can  be 
thrown  in  and  out  of  gear. 

With  the  two  anemometers  just  ilcscribed  the  velocity  ii 
measured  by  holding  them  in  the  air  cui'rent  for  a  certain  length    ' 

iof  time,  and  noting  the  number  of  revolutions.  This  means  that 
iwo  persons  are  required,  as  one  man  cannot  hold  a  watch, 
Anemometer,   and   lamp   with   two   hands.      Davis's  self-timing 
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anemometer  diKpenflCM  with  the  use  of  a  watoh  altogether,  and 
regiatent  at  once  the  velocity  in  feet  per  second,  and  not  the 
number  of  rerolntions  of  the  vanea.  In  taking  observations  the 
iiiBtrument  (Fig-  398),  is  held  out  at  arm's  length  for  a  short  time 
until  the  ranes  are  travelling  at  full  speed  due  to  the  air  ciurent, 
A  small  button,  a,  is  pressed,  and  the  pointer  turns  to  the  speed, 
and  is  kept  there  by  a  locking  arrangement.  Each  instrument 
being  graduated  by  experiment,  no  allowances  have  to  be  made. 
To  return  the  pointer  to  zero,  the  small  milled  bend  6  is  screwed 
down  until  a  is  released,  when  as  soon  ns  6  is  unscrewed,  the 
pointer  turuB  to  zero,  and  the  instruiueut  is  ready  to  take  another 


VlQ.  397. 


Fig.  jgS. 


ration.  Two  graduated  dreles  are  provided,  and  a  pointer, 
«,  travelliug  in  a  tunaJl  dial,  infoims  the  observer  which  one  to 
read. 

Ueasra.  Davis  A  Son  have  recently  inti-oduced  a  new  form  of 
anemometer  for  measuring  curi-enta  of  high  velocity  (over  so  ft. 
per  second).  It  is  called  the  "  Capell-Davis,"  as  the  vanea  are 
shaped  like  tfaoHe  of  the  Capell  fan.  It  differs  from  anemometers 
on  the  Biram  principle  in  having  the  vanes  rigidly  attached  to  a 
blank  disc.  As  a  result,  the  wind  pressure  bears  equally  on  the 
whole  surface,  whereaa  in  the  old  construction  it  might  impinge 
on  one  vane  more  than  another  and  distort  one  of  the  delicate 


Messrs.  Atkinson  rJt  Doglish*  conducted  a  series  of  experiments 
with  anemometers,  and  determined  that  they  all  required  correc- 
tion, to  bring  the  velocity  they  recorded  to  the  true  velocity  aXr 
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■wlucb  the  air  is  ti-avelling.     The  true  velocity  may  be  determined 
hy  the  furmula, 


where  a  ia  a  constant  proportiOGal  to  the  number  of  linear  feet 
travelled  by  the  air  per  revoiutiou,  E  ia  the  uumbei-  of  revolutions 
registered  by  the  anemometer,  and  b  the  losses  of  velocity  due  to 
friction  of  machine,  thiu  toss  being  determined  experimentally  by 
a  whirling  machine. 

Instead  of  thie  formula,  the  correction  is  usually  made  by 
adding  numbers,  which  are  supplied  by  the  ninkei'H,  and  which 
vary  for  every  instrument  and  for  different  velocities.  Anemo- 
meters are  necest^rily  of  very  light  and  fragile  construction,  and 
easily  get  out  of  order.  It,  therefore,  becomes  necessary  it  accuracy 
is  desired,  that  they  should  be  tested  from  time  to  time. 

In  order  to  obtain  trustworthy  i-eaults,  the  places  of  measurement 
must  be  of  uniform  section  and  preferably  divided,  by  a  series  of 
horizontal     and      vertical 

Figs.  399  and  400. 


strings,   into  a   numl)er  of 

equal  parts  (Fig.  399),  iiiiil  j     ;    ;     ; 

the  anemometer  placed  iu  "t"!'"'* 

each    for  a  certain  length  r";*t"^ 

of  time.     If  a  disengaging      (■  -  -•■<-  + 

gear  is  applied  to  the  in-  L.  +  .t-i 

titrument,    it    should     be  1. .  ^ .  1 .  i 

placed  in  the  current,  and  I      ■    ■     '. 

allowed  to  attain  the  full 

velocity  before    throwing  the   mechai 


For   ^ 


1  into  gear. 
accnrate  results  the  observations  should  be  taken  in  each  dixisiou. 
Mr.  Murgue,  however,  statfls,  that  the  ratio  between  the  mean 
velocity  and  the  velocity  at  any  given  point  in  the  same  section 
remains  constant,  whatever  variations  there  are  in  the  mean 
velocity.  It  ia  only  necessiury,  therefoi-e,  to  find  the  ratio  between 
the  mean  velocity,  and  the  velocity  of  air  at  any  one  convenient 
point,  and  in  future  merely  mea.sure  the  velocity  at  that  point. 

For  all  ordinaiy  purposes,  the  velocity  can  be  determined  by 
holding  the  anemometer  out  at  arm's  length  and  moving  it  slowly 
over  the  section  of  the  galleiy,  following  the  course  indicated  by 
the  dott«d  hue  in  Fig.  400. 

Barometer  and  Thermometer.^ At  every  mine  a  barometer 
and  thermometer  have  to  be  placed.  The  former  indicates  the 
pressure  of  the  atmosphere,  and  as  the  volume  of  air  varies 
inversely  an  the  pressure,  the  rise  or  fall  in  the  barometer 
influences  the  volume  of  air  in  the  mine.  It  is  also  contended 
that  if  the  barometer  fiills,  a  certain  timount  of  pressure  is  taken 
off  the  face  of  the  strata,  and  that  the  gases  contained  in  the  coal 
are  more  freely  liberated,  or,  that  any  accumulations  contained  in 
old  goaves  may  be  liberated.     There  does  not  appear  to  be  much 
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ground  for  this  assertion,  m  the  gas  in  coal  exists  under  BDch  ■ 
pressure  that  the  small  variations  occasionad  by  diSerenoe  is 
height  of  the  barometer  are  unappraciable.  In  addition,  k 
barometer  is  hj  no  meana  delicate  enough  to  act  as  a  forewamiofc 
instrument ;  since  such  a  light  substance  as  air  or  gas  would 
be  affected  long  before  an;  indication  of  change  Is  given  bj  a 
mercury  column. 

The  indications  of  the  tbermometer  are  valuable,  as  they  point 
out  the  expansion  in  the  air  current ;  for,  as  the  volume  varia 
directly  as  the  t«mpemtiire,  a  rise  means  that  a  ■■"■"II** 
weight  or  quantity  of  .lir  vill  enter  into  the  mine  in  a  given  time. 

Water  Gauge  a. — For  measuring  the  preesure  prodncing 
ventilation,  water  gauges  are  employed.  A  cub.  ft.  of  water  at 
6j'  F.  under  30  inches  barometrical  pres-sure,  weighs  62,355  '''■^ 
BO  that  the  pressure  per  sq,  ft.  due  to  eiLch  inch  in  height  is  ooa- 
sequently  5-1^^*  =  5. 196  lbs.,  but  in  ordinary  adculations  it  ii 
usual  to  take  one  inch  of  water  gnuge  as  being  equal  to  a  preHsnie 
of  5.2  lbs.  The  ordinary  form  consists  of  a  U-sbaped  tube,  Wttb 
one  end  open  to  the  atmosphere,  and  the  otlier  placed  in  coa- 
munication  with  the  return  air-way  of  the  mine.  As  the  preamne 
of  uir  inside  the  mine  is  smaller  than  that  outside,  the  weight  of  tbo 
atmosphere  depresses  the  column  in  one  leg  of  the  tobe  and  laisM 
"  'n  the  other.     The  difference  in  height  is  measured  by  a  movaUa 


scale,  graduated  in  inches,  and  in< 
cates  the  pressure  producing  ventila- 

Tbe  variations  in  the  preesnM 
which  are  constantly  going  on  with 
centrifugal    ventilators   cause  con- 

~q\  !>iderable  oticillatioB  of  the  liquid  in 

— ■'  llie  tubes.and,  in  addition,  capillary 
attraction  causes  the  surface  of  the 
water  to  take  a  curved  line.  It  is, 
therefore,  difficult  to  take  accurate 
observations  with  the  ordinary  water 
gauge.  The  author  has  adopted  * 
form  (Fig. 401],  thedesignof  which 

"^  is  due  to  Messrs.  Atkinson  &  Daglifih. 

/  In  it  the  two  tubes  are  replaced  by 

two  large  comportments,  a  and  6, 
having  sheet  glass  in  front.  These 
are  connected'bya  very  small  copper 
tube,  c,  in  the  centre  of  which  is  a 
partment  is  closely  sealed,  and  connected 

th  the  fan  drift,  while  the  other  is  open 


three-way  cock.    One  en 

by  means  of  a  pipe,  d.\ 

to  the  atmosphere.     Owing  to  each  compartment  being  of  large 

ai-ea  while  ihe  connection  between  the  two  is  %'6ry  Email,  the 

column  of  the  water  remains  quite  steady  and  capillary  attrae- 
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ion  IB  not  ooticeable.     A  movable  scale  serves  to  determine  the 
lUfTerence  in  level. 

Considerable  difference  of  opinion  exists  as  to  the  proper  position 

D  take  the  water  gauge  at,  and  in  which  direction  the  end  of  the 

tube  should  be  placed  respecting  the  current. 

The  English  Fan  Commission  take  the  gauge  Tia.  toa  \ 

pft.  from  the  entrance  to  the  fan  inlet.     This 

spears  to  be  open  to  the  objection,  where 
~  bhibII  high-speed  fans  are  used,  that  the  eddies 
produced  by  rapid  revolution  are  likely  to 
give  false  results  so  near  the  machine.  The 
general  opinion  is  that  the  end  of  the  pipe 
going  to  the  water  gauge  should  be  placed  at 
right  angles  to  the  air-current  and  preferably 
covered  loosely  with  a  roll  of  felt  plugged  at 
the  top  with  wood,  to  cause  the  air  to  pass 
through  the  cloth  (Fig.  401). 
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LIGHTING 


Ifaksd  Iiights. — The  origituil  and  most  successful  method  of 
lighting  the  miner  at  his  work  was  to  emploj^  the  ordinary  tallov 
candle,  or  small  oU-lamp.  The  illumination  given  is  far  betttt 
than  that  of  any  enclosed  lamps;  indeed,  naked  lights  are  m 
superior  in  this  respect,  that  the  inducement  to  use  them  some- 
times  oversteps  discretion.  In  some  mines,  fire-damg)  U  found  m 
small  quantities,  and  through  using  naked  lights  accidents  ha{f)eo 
at  rare  intervals.  To  secure  the  maximum  safety  the  enclosed 
type  of  lamp  should  be  adopted,  but  it  is  an  open  question 
whether,  owing  to  the  smaller  amount  of  light  yielded,  the 
increase  in  the  number  of  accidents  from  falls  of  roof  and  sides 
will  not  more  than  counterbalance  those  due  to  explosions,  be- 
cause even  with  safety  lamps  absolute  security  is  not  obtainable. 
Miners  much  prefer  working  at  collieries  where  naked  lighta  are 
used. 

Onlinary  tallow  candles  of  i6  or  i8  to  the  lb.,  of  the  proper 
hardness  to  withstand  the  heat  of  the  mine,  are  the  common 
illuminant  in  non-fiety  seams.  They  are  usually  stuck  in  a  ball 
of  clay,  which  allows  them  to  be  attached  to  timber  or  coal  in  any 
required  position.  In  Scotland  a  small  oil-lamp  is  very  largely 
employed.  It  givee  a  good  light  and  can  be  carried  about  ea^y, 
but  cannot  be  attached  to  the  timber  or  sides  in  the  snme  i«ady 
way  that  a  candle  can. 

SAFETY  LAMPS.— At  the  Iwginningof  this  century  so  many 
accidents  took  place  through  the  employment  of  naked  lighta,  that 
au  attempt  was  made  to  devise  some  arrangement  for  insulating 
the  flame  of  a  lamp,  and  for  preventing  it  from  producing  an 
explosion  in  the  surrounding  atmosphere. 

Davy's  Invention.— Perhaps  what  might  be  called  the  first 
safety  lamp  was  that  invented  by  Dr.  Clanny,  in  which  a  current 
of  air  wne  passed  into  a  lamp  through  a  stratum  of  water  below, 
while  the  pi-oducts  of  combustion  escaped  through  a  similar  layer 
of  water  at  the  top;  but  to  Sir  Humphry  Davy  belongs  the 
credit  of  not  only  designing  the  first  safety  lamp  in  a  practii-aj  form, 
but  also  of  discovering  the  principle  which  is  still  retained,  and 
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which  forme  the  main  element  of  aeciu-ity  in  every  modem  safety 
lamp.  Ue  found  that  an  explosion  would  not  pass  through  Bmall 
apertures  and  tubes,  and  before  the  close  of  the  year  1815  gavn 
to  the  world  a  wire-gauze  lamp.  The  Davy  lamp  (Kg.  403  •), 
as  originally  and  stilt  constructed,  consists  of  a  cylindrical  ganse,  a, 
screwed  to  a.  hvaaa  rinj^, 
which,  in  its  turn,  isatbicheil 
to  the  oil  vessel,  b.  The 
gauze  is  protected  from  acci- 
dental blows  by  three  iron 
pillars,  c,  passing  upwardti 
from  the  brass  base  to  an 
annular  ring  at  the  top,  to 
which  is  further  attached  a 
metal  cap  or  hood,  d,  above 
which  a  loop  is  placed  to 
enable  the  lamp  to  be  carried 
about.  As  an  additional  se- 
curity, a  second  cylinder  of 
gauze  is  attached  at  the  top 
of  the  first  one  forming  a 
cap,  e.  To  trim  the  wick 
and  to  regulate  its  height 
without  opening  the  lamp, 
a  thin  piece  of  wire,/,  called 
a  "  pricker,"  passes  up  a 
closely  fitting  tube  through 
the  oil  vessel.  The  gauze 
should  not  contain  less  than  784  apeituies  to  the  squaie  inch 

Clanny. — In  this  lamp  a  portion  of  the  gauze  of  the  Davy  is 
replaced  by  a  gla^i  cylinder,  a,  protected  by  metal  bars,  b  ( Fig. 
404).  The  other  arrangements  are  similar  to  the  Davy.  The 
feed-air  which  supplies  the  flame  has  to  enter  the  lamp  above  the 
glass,  and  hence  gets  mixed  with  the  products  of  combustion,  the 
(■esult  being  that  the  light  afibrded  ia  veiy  little  superior  to  the 

Btepheuaon. — The  celebrated  engineer,  George  Stephenson, 
then  at  Killingworth  Colliery,  was  experimenting  upon  safety 
lamps  simultaneously  with  Sir  Humphry  Davy,  and  indeed  oon- 
fttructed  one  where  the  ingoing  current  was  passed  through  small 
tubes.  As  soon  ns  the  wire  gauze  was  proposed,  he  adopted  it  in 
his  lamp,  which  then  took  the  form  shown  in  Fig.  405.  A 
cylinder  of  glass,  a,  is  placed  inside  the  wire  gauze,  and  is  covered 

*  In  all  the  lamp  illaBlmtiona,  the  vuriona  parts  are  abown  thiis  : — 


Itei^ 


3  54 


TliXT-BOOK  OF  CWAL-MININ'G. 


over  by  a  perfor&led  copper  cap,  li.  The  feed-air  is  »dmitU<l 
ttirou4:h  a.  number  of  sitinLl  perforations,  c,  below  the  bottom  q( 
the  wire  gaur^  un<l  gliuvH  cylinder.  If  the  lamp  is  to  bura  vrell,  it 
ia  vory  necessary  that  tlie.se  small  perforations  should  be  kept  fwe 
fi-om  dust,  which  b  racier 
KiQs.  40s  ANi>  40-j.  a  difficult  matter. 

Mueseler. — This  lamp 
resembles  the  Clansy,  n 
it  consists  of  a  glass  cylin- 
der at  the  bottom  and  > 
wire  gauze  one  abore,  bai 
its  main  feature  is  the  io- 
tmluctioD  of  a  centnl 
metal  chinuiey,  a,  sap- 
ported  by  a  horizon  tslgauie 
diaphragm,  b,  placed  at  the 
top  of  the  glass  (Fig-  A°^>- 
The  products  of  combue- 
tion  pass  ap  the  chimner 
and  induce  a  stiong 
draught  BO  thatthe  feed-air 
is  drawn  smartly  down  m 
to  the  dnme^  and  prmlona 
good  combustion.  Thin 
tamp,  by  a  Royal  Edi<^  in 
1876,  is  alone  permitted  to  be  used  in  the  lierj'  collieries  of  Belgioiu, 
and  only  three  modifications  of  a  typical  form  are  allowed.  The 
total  height  of  the  chimney  must  be  4.6  inches,  it  has  to  have  3.55 
inclie»  of  itR  height  above  the  gauze  diaphragm,  and  its  base  must 
he  0.85  i:ich  above  the  top  of  the  wick  tube. 

Design  of  Lamps, — The  modifications  introduced  into  safety 
lamjia  have  all  been  with  a  view  of  rendering  them  safer  in 
ourrents  travelling  at  high  velocities.  Davy  himself  pointed  ont 
that  bis  lamp  should  be  guarded  by  a  shield  when  exposed  to  a 
rapid  current  of  eKplosive  air,  as  if  not,  the  flame  would  bo  forced 
through  the  gauze.  The  safety  is  also  due  to  the  fact  that  the 
small  holes  offei-  such  a  large  extent  of  cooling  surface,  that  when 
the  flame  impinges  on  the  gauze,  the  heat  is  conveyed  away  eo 
rapidly  and  the  temperature  so  reduced,  that  flame  cannot  pass 
from  one  side  to  the  other.  If  the  gauze  becomes  hot,  it  loses  it8 
power  of  isolating  flame,  and  hence  it  is  most  important  that  gases 
should  not  be  allowed  to  continue  burning  in  the  lamp,  co-  they 
win  inevitably  ignite  the  external  atmosphere. 

Experiments  made  in  this  country  and  abroad,  determined  that 
the  Ihivy  lamp  would  pass  flame  if  exposed  to  a  current  having 
a  velocity  of  8  ft.  a  second,  and  that  none  of  the  other  lamps  just 
desci'ibed  were  safe  if  the  velocity  exceeded  la  ft.  a  second,  with 
the  exception  perhaps  of  the  Mueseler,  which  has  a  slightly  higher 
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limit,  if  tlie  current  meets  tlie  lamp  horizontally,  but  it  passes 
Bame  far  more  readily  than  the  others,  if  the  current  strikes  it 
obliquely-  Although  this  danger  watt  often  poiuted  out,  no 
officimi  action  was  taken  in  the  matter  until  the  Royal  Com- 
inigsion  on  Accidents  in  Mines  reported  that  such  wai)  the  case, 
nnd  the  result  of  which  is  that  the  Coal  Mines  fiegulation  Act, 
1 8S7,  contains  a  clause  (General  Rule  9)  which  practiailly  pro- 
hibits the  iiBB  of  the  lamps  just  described  in  the  form  ilius- 
tmted.  At  the  same  time,  such  lamps  foi-m  the  haeis  of  all  the 
modem  ones,  but  the  latter  tii-e  safeguanled  by  the  addition  of 
shields. 

It  should,  however,  be  pointed  out  that  Bomethlng  more  is 
needed  in  a  safety  lamp  than  the  fact  tliat  it  is  safe  in  explosive 
cuiTents  of  high  velocdty.  Experiments  at  the  surface  are  car- 
ried out  with  lamps  perfectly  clean ;  the  ex peiim enter's  hands  are 
in  the  same  condition,  the  currents  to  which  they  are  exposed  are 
of  high  velocity  and  are  composed  of  fresh  air  mixed  with  gnu, 
while  coal-dust  ia  conspicuous  hy  its  nbsence.  Underground,  the 
cmiditiona  are  essentially  differeut ;  no  matter  bow  high  the 
velocity  is  in  the  gate-roads,  it  is  coii'^idei'ably  reduced  when  it 
f>asHes  into  the  working  place ;  powder  smoke  hangs  about,  and 
small  quantities  of  carbonic  acid  gas  are  mixed  with  the  air 
current.  From  the  nature  of  his  avocation,  the  miner's  hands  are 
by  no  mea:i8  clean,  be  handles  lamps  in  a  rather  rough-and-ready 
style,  with  the  result  that  dirt  and  grease  are  tmnsferred  to  them. 
Ooal-duRt  also  clogs  the  inlet  holes  and  gauze.  It  therefore  follows 
that  the  behaviour  of  some  of  the  moilam  types  of  safety  lamps 
after  they  have  been  some  hours  underground,  and  in  the  return 
air  current,  is  not  what  one  would  desire.  This,  however,  is  exactly 
what  might  be  expected  from  the  nature  of  the  conditiouH 
which  the  lamps  are  con3truct«d  to  withstand.  In  order  to  be 
safe  in  the  highest  velocity  of  air  current,  they  must  be  enclosed 
in  one  or  two  shields,  and  the  inlet  area  for  feed-air  must  be 
reduced  to  the  smallest  dimensions.  Solongas  theyare  clean,  and 
remain  in  a  strong  current,  the  requisite  amount  of  air  for  proper 
cnmljustion  ia  deUvered  to  the  flame,  but  when  the  velocity  is 
i-m:ill  and  the  lamp  gets  dirty,  or  is  used  in  impure  curi'euts,  the 
light  given  is  of  a  very  inferior  character. 

Another  point  of  considerable  impoi-tance  is  that  demonstrated 
by  Mr.  Marsaut,*  nnd  confirmed  by  several  other  observers,  that 
every  type  of  lamp  facihtates  more  or  lees  easily  the  passage  of 
(lame  resulting  from  an  internal  explosion.  It  is  necessary  that 
a  certain  relation  should  exist  between  the  volume  contained  in  a 
lamp  and  the  surface  open  for  the  escape  of  the  pi'oducte  of 
combustion  resulting  from  the  internal  explosion,  as  experiments 
proved  that  exteTior  explosions  or  the  ignition  of  the  mixinre 
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uut«i(le  tlio  lamp  were 
wad  enUr^^l. 

Mr.  Mitxsaut  proved  tltat — (j)  A  small  diaineter  lamp  (such  ls  a 
Davy)  does  uot  readily  pass  an  explosion,  as  the  volume  siiseeptihle 
lo  oxploKion  is  iiiaignificaiit.  (:)  A  lamp  without  a  glass  U  mora 
secure  agiUust  the  effects  of  internal  explosions  than  a  lamp  witb 
n  glass  cylinder,  as  the  glass  in  the  lamp  confines  the  gasee  then 
at  the  time  of  an  explosion  and  act«  like  a  cannon ;  it  is  therefore 
both  advisable  tc  reduce  the  height  and  diameter  of  the  gUs^ 
(3)  A  wire  gauw  of  conical  shape  of  the  same  capacity  is  mow 
secure  against  the  transmissiOD  of  internal  explosion  than  is  one 
of  cylindrical  shape.  (4)  Gases  resulting  from  combustion  play  » 
certain  im.rt  in  preventing  external  explosions,  and  it  might  there- 
fore not  be  advisable  to  guide  them  by  a  chimjiey.  (5)  A 
descending  current  of  feed-air  prevents  the  filling  up  of  glass 
lamps  with  an  exploriive  mixture,  and  occasions  the  formation  of 
an  unex)ilnKive  and  elastic  ciisliion  at  the  bottom  of  the  lamp. 

MODERN  LAUFS. — In  describing  some  typical  forms  of 
lamps,  the  itmarks  concerning  them  must  be  taken  as  applyingto 
their  behaviour  in  practical  working  underground.  Ottlysuch  lamp 
are  referred  to  as  nave  been  proved  by  numerous  experiments  to 
ba  safe  in  all  velocities  which  ordinarily  occur  in  coal  mines.  As 
previously  stated,  this  is  not  the  only  point  required  in  a  lamp. 
Knowing  them  to  be  safe,  the  great  thing  is  to  select  some  form 
which  will  keep  burning  all  through  the  length 
Kio.  407,  of  a  shift,  and  which  will  also  detect  gas  in 

t<niall  quantities  quickly  and  distinctly, 

Hepplewbite-Oray. — The  Beport  of  the 
Royal  Commis^on  on  Accidents  in  Mines  tint 
drew  attention  to  the  oi-iginal  form  of  this  type. 
The  lamp  then  repoited  on  so  favourably  is  so 
different  in  construction  to  its  modem  represeo- 
tative  that  the  di'awing  of  it  is  reprodoced  in 
Fig,  407,  with  a  view  of  clearly  lowing  the 
successive  developments  which  have  taken  place. 
Its  chief  peculiarity  (and  in  which  it  differs  from 
all  modem  safety  lamps)  is  the  admission  of 
free  air  from  the  top  down  four  tubes,  and 
tbrough  an  annular  chamber,  6,  situated  imme- 
diately over  the  oil  vensel.  It  is  impossible  for 
a  current  to  rush  directly  down  the  inlet  tubes, 
an  they  are  protecte<l  by  the  projecting  top  of 
the  lamp.  The  only  gauze  employed  is  that 
covering  the  outlet,  e,  and  the  annular  inlet 
c  1mm  her.  The  tirst  impiDvement  consisted 
ill  introilticing  a  gauze  cylinder  above  tlic  glass,  which  now 
took  a  coniifal  form,  and  adding  a  cone  to  the  discharge 
oriRce.     The  importance  of  the  latter  cannot  be  over-estimated. 
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The  outlet  arrangements  of  most  lamps  are  haphazard,  and  bear 
no  relative  proportion  to  the  area  of  inlet.  With  tho  discharge 
i-egulated  in  sucii  a  manner  the  top  of  the  gauze  is  kept  in  a  bath 
of  carbonic  acid  gas,  and  should  internal  explosiom;  occur,  gas  will 
not  continue  burning  in  the  lamp.  Sliding  shutters  were  also 
plixced  at  the  lower  end  of  two  tubes,  by  which  means  the  feed- 
iiir  could  either  be  taken  from  the  top  or  the  base  of  the  tubes, 
!in  improvement  properly  appreciated  by  any  one  regularly  testing 
tor  gas. 

In  the  form  now  generally  adopted,  three  inlet  tubes  instead  of 
four  are  nsed  (Fig.  408).  The  third  tube  is  considerably  broader 
than  the  others,  and  acts  as  a  reflector. 
The  shield-plate,  a,  in  the  hood  is  made  of 
such  a  size  as  to  completely  cover  the  inlet 
boles.  This  is  an  important  point,  as  it  was 
found  that  if  such  was  not  done  the  lamps 
were  often  extinguished  in  an  unaccountable 
manner.  The  height  of  the  outlet  cone  must  ' 
be  such  na  to  just  reach  the  level  of  the 
shield-plate,  when  it  then  occupies  a  position 
intermediate  between  the  two  horizontal 
rings  of  holes,  b  b,  which  are  placed  in  the 
hood  for  the  products  of  combustion  to 
escape  by.  A  row  of  circular  holes  is 
put  in  the  top  crown  of  the  lamp,  and  is 
covered  by  a  thin  sheet  brass 
plnt«i|in.  diam.  Tostiffen  Fig  409. 
the  covering  plate  it  is  ^"^^^^^^ 
crimped  in  three  places,  the  (  /ff  \J 
(crimped  parts  touching  the  fn  rVT 
crown,  es  shown  at  c.  These 
improvements  remove  the  defect  of  the  light  being  huddenlj 
extinguished  from  no  apparent  cauae.  The  t-ame  lehult  is 
obtained  with  the  form  of  hood  shown  in  Fig  409 ,  here  the 
outlet  cone  and  iidet  tubes  are  covered  by  a  piece  of  brass  bent 
into  the  shape  illustrated.  One  hole,  ^  in.  in  diam.,  serves  for 
the  escape  of  the  products  of  combustion,  this  being  protected 
from  direct  currents  by  a  piece  of  sheet  brass  crimped  as  before 
ntentioned.  This  shape  of  hood  scarcely  appears  of  such  a  safe 
character  as  the  former  one,  but  a  large  number  of  lamps  have 
Iteen  constructed  to  this  design.  Another  improvement  which 
fACilitatos  cleaning  is  that  the  ring  securing  the  gla.ss  in  position 
"b  screwed  on  to  the  vertical  plate  forming  the  air  inlet  chamber. 


K^g.  408),  instead  of  the  frame  of  the 
r  It  follows    from    this   that    wli 


the   lower  gauxe 
inside    parts    of    the    lamp    at 


ring 


In  the  lamp  of  latest  design  the  portion  of  oil  vessel  aupportin 
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the  wick  tube  has  been  lowered,  but  the  wick  tube  itself  hwUa 
lengthened,  so  tbut  the  fliitue  is  only  slightly  lower  tluu  in  tit 
old  types.  The  breadth  uf  the  wick  baa  been  incresfied,  ud  urn 
fitandii  nt  -^g  inch  full. 

The  numerous  small  iroprovemeats,  which  in»y  not  ee^tiilij 
seem  of  much  importance,  but  which  in  conjunction  mfttttkl^ 
riH'ect  the  practiciU  working,  certainly  make  the  preeeul  dedpi 
euperioi'  to  the  earlier  ones.  Taking  first  its  lighting  »pi>dl]i; 
under  ordinary  conditions  it  gives  more  useful  iUumiaation  IIm 
any  other  lamp.  Photometric  tests  conducted  at  the  surface  «• 
misleading,  forthe  same  reasons  as  were  referred  to  when  dealinf 
with  velocity  trials.  In  nddition,  one  other  fact  ntust  be  poiotcJ 
out.  With  the  photoniet«r,  either  when  tasting  o^ainet  ajtotte 
lamp  or  against  a  standard  candle,  the  two  articles  are  placed  m 
the  Kjune  level,  and  it  is  the  horisontal  ntys,  or  those  that  us 
nearly  so,  which  reach  the  screen  and  decide  the  rwth. 
Collieries  require  light  to  be  thrown  in  all  directions,  e^wckOf 
upwards,  and  hence  naked  lights  are  often  used  under  cooditioni 
which  may  nt  any  time  become  dangerous.  They  are  nal 
actually  unsafe,  but  no  one  cau  say  whether  they  mav  beromeni. 
All  ordinary  shielded  lamps  suffer  from  the  great  disndvanUurc 
of  giving  practically  no  itluminatton  on  the  roof.  Their  ^lueJdn 
are  necessarily  of  larger  diameter  than  the  glass,  and  reuUy  «* 
like  a  shade,  preventing  any  light  litriking  upwards.  The  coiiicJ 
glosB  uf  the  ]Iepp!(!White-Gmy  performs  just  the  contrary  adjou. 
aa  it  deflects  the  light  tow.irds  the  roof,  and  as  the  shi^d  alww 
is  of  smaller  diameter  than  the  lower  part  of  the  gloss,  nolhiog 
prevents  the  rays  reaching  the  place  where  they  ate  spedalli 
useful  and  desirable.  The  examination  of  the  roof  can  bera^ljr 
and  satisfactorily  cai-ried  out  with  this  lamp,  as  the  illuminadon 
given  is  far  Kuperior  in  that  direction  to  any  other  d^iga. 
Oi-dinary  lamps  must  be  tilted,  and  when  in  that  petition,  tlw 
light  obtAined  is  of  a  very  inferior  character. 

With  respect  to  its  power  to  detect  small  quantities  of  gt»  it 
ranks  superior  to  all  others.*  AH  ordinary  forms,  with  the  iolrt 
above  the  glass,  will  miss,  say,  4  in.  of  gas  lying  immediatdy 
against  the  roof,  except  when  they  are  tilted  very  much,  andtbeu 
there  is  great  danger  of  their  going  out.  Many  lamps  are  Dov 
constructed  to  take  aii*  if  desirable  from  the  top,  like  the  Grajt 
and  then  they  will  detect  thin  layers  also ;  but  even  then  thejr 
will  not  do  so  rapidl;/.  It  is  possible  to  put  some  modem  lajaj' 
into  gas,  and  take  them  out  again  without  any  indication  btaog 
given — that  ia  to  say,  if  it  is  done  hun-iedly.  Thia  ia  quite 
impossible  with  the  Gray,  as  the  flame  imme<liately  "spires"  upt 
In  comparison  with  the  imbonneted  Davy  or  Clanny  it  teadily 


LIGHTING.  359 

»liows  a  cnp  on  the  flame  where  those  lampe  fail  to  show  the 
slightest  iotlicatioo. 

Numerou-s  experiments  have  proved  the  safety  of  this  type  in 
curre&te  of  high  velocity.  The  risk  of  internal  explORJons  passing 
outwards  ie  practically  absent,  owing  to  the  small  quantity  con- 
tained iu  the  lajnp,  the  regulation  of  the  outlet  of  the  products  of 
oombustiou,  and  the  conditions  under  which  feed-air  ia  introduced. 
Theoretically  an  internal  eiiploHion  is  impoitsible,  oh  owing  to  the 
admission  being  betow  the  flame,  any  fire-dmup  ie  burnt  as  it 
arrives,  and  the  inside  of  the  lamp  is  filled  entirely  with  the 
products  of  combustion  ;  but  this,  however,  is  not  absolutely  the 

A  statement  was  once  made  to  the  author  that  this  lamp  went 
out  eo  soon  when  introduced  into  gas  that  it  was  impossible  to 
clearly  ascertain  whethei-  such  gas  was  tire-damp  or  hlack-damp,  if 
only  small  quantities  were  present.  On  the  other  hand,  be  has 
been  assured  by  an  overman,  who  baa  specialty  been  working 
and  examining  places  with  this  lamp  for  over  twelve  months, 
that  not  the  slightest  difficulty  has  been  experienced  in  this 
respect.  With  black-damp  the  flame  diops  and  fades  away,  but  if 
any  gas  is  present,  a  slight  "  spiring  "  of  the  flame  is  immediately 
noticed,  and  this  take^  place  once  or  twice  before  the  light  is  lost. 
Of  coui-se  it  is  possible  to  abuse  anything.  If  the  lamp  be  pushed 
bodOy  and  suddenly  into  gas  it  certainly  goes  out  befoi-e  any 
definite  indication  is  obtained  ;  but  if  it  be  introduced  slowly  and 
steadily,  and  withdrawn  as  soon  dm  gas  in  indicated,  the  light  is 
not  often  lost. 

Bonneted  Mueseler. — This  type  of  lump  has  deservedly  been 
held  in  good  repute  for  many  yeai-s,  and  the  repoi't  of  the  Mines 
Accidents  Commi-'^sioii  on  thesliielded  variety  was  very  favourable. 
As  a  detector  of  gas  it  ranks  a  very  good  second  to  the  Gray;  it 
shows  gas  in  a  clear  delicate  manner,  thp  cap  produced  being  veiy 
distinct. 

Owing  to  the  presence  of  a  chimney  in  this  lamp,  when  it  is 
tilted  the  products  of  combustion  pass  outside  the  chimney  and 
foal  the  inlet  air,  with  the  consequent  result  that  the  light  is 
extinguished.  Tliis,  in  combination  with  the  shiehl  acting  as  n 
shade,  make  the  examination  of  the  roof  a  matter  of  difiiculty. 
This  disadvantage  of  the  Mueseler  lamp  appears  to  have  been  rather 
exaggerated,  as  it  !<tands  a  fair  amount  of  tilting,  especially  if  the 
time  during  which  this  is  done  be  not  of  long  duration. 

Ashworth'B  Uueseler,  shown  in  Fig.  410,  is  one  of  the  safest 
of  all  lamps,  as  it  has  been  tested  in  explosive  currents  of  100  ft. 
per  second  without  failure.  It  differe  from  the  ordinary  forms  of 
Mueseler  type  in  havingagauzechimney  instead  of  ametal  one,  and 
the  diaphragm  is  conical  instead  of  horizontal,  b.  Its  safety  is  due 
to  the  double  shield  employed,  the  inner  one  of  which  is  provided 
with  ft  conical  outlet ;  the  exit  of  the  products  of  combustion  is 
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rvlnrded ;  the  iipfter  part  of  the  gauzee  is  kept  id  a  bath  of  cu- 
houic  ucid  ga«,  and  in  cusc  of  any  interna]  exploeion,  the  light  t- 
immeiliately  euctiDgulshEKl  nod  the  inlet  air  fouled.  The  unt 
in  the  figm-e  show  the  direction  taken  by  the  Rupplj  air  aud  ibe 
products  of  combustion,  and  that  the  gauzes  are  protected  frciii 
all  violent  currant*;.  There  are  ten  holes  in  the  inside  shield  mi 
seren  in  the  outer  one,  the  latter  being  placed  near  the  top. 
gna-tesling  shutter,  a,  is  placed  abore  the  horizontal  inlet  bo^ 
near  the  top  of  the  glasH,  mid  when  this  ie  cloeed,  the  feed-air  k 
oompelled  to  enter  through  the  bolee  in  the  outei-  shield  near  tit* 


■oof  being 


"dampy"  or  tlow  cgrrente> 
n  lighting  it,  as  from  the 
',  propel'  circulation  does  not 


top  and  \Mss  downwards,  t! 
thereby  eusily  detapted. 

This  lamp  does  not  burn  well  in 
and  great  difficulty  is  experienced  i 
winding  path  pursued  by  the  feed-n' 
take  place  until  the  tamp  gets  hot. 

Morgan. — Prominent  attention  was  drawn  to  this  lamp 
immediately  after  the  report  of  the  Accidents  in  Mines  Com- 
mission was  published.  Experiments  showed  that  it  would  not 
pai!8  flame  in  explosive  currents  of  the  highest  velocities. 

An  inner  and  outer  shield  are  provided  (Fig.  411),  the  latter 
having  a  series  of  five  horizontal  rows  of  circnlai'  holes  punched 
tbroi^h  it,  while  the  former  is  similarly  supplied  with  six 
homontal  rows  of  Hlits.  The  openings  in  one  shield  are  oppoaite 
the  solid  portions  of  the  other.     Three  gauzes  ate  used ;  an  outer 


LIGHTING. 


361 


plindricul  one  without  a  top,  a  middle  one  of  tbe  Cliiuny  type, 
nner  one,  really  built  up  of  two  gaiues  itnd  a  cliimney, 

!Ehis  lamp  detects  gas  readily,  burns  well  in  a  good  cui-rent  of 
^^  ',  but  badly  in  a  "dampy"  one,  does  not  get  liot  (probably 
owing  to  its  large  int«mal  volume),  and  stands  a  fair  amount  of 
iiltiog  without  the  light  being  extinguished.  After  being  in  use 
eereral  bom's  underground  the  light  gets  very  defective.  The 
author  is  not  nware  that  this  type  has  been  used  extensively  at 
any  colliery.  It  is  compo.sed  of  six  parts,  neglecting  washers,  and 
is  of  complicated  construction.  As  there  are  inany  lamp^  per- 
fectly safe  under  ordinary  conditions  it  seems  improbable  that  this 
form  will  come  into  general  use. 

Marsaut. — ^The  report  of  the  Committee  of  the  Ellis'  Lever 
Piize,  and  of  the  Accidents  in  Mines  Oom- 
mission  brought  this,  then  new,  lamp  very  Fio.  .jta. 

prominently  before  the  mining  public,  and  ~ 

resultii  obtained  in  practical  use  increased 
the  favourable  opinion.  It  has,  however, 
received  a  few  small  modidcations  from  the 
form  in  which  it  was  experimented  upon  by 
the  two  Commissions  i-efeired  to  above.  Ah 
uriginatly  constructed,  two  rows  of  inlet  holes 
weresupplied,  one  at  the  bottom  of  the  bonnet, 
a  (Fig.  412),  and  the  other  in  the  horizontal 
iJango,  6,  forming  the  base  of  this  ptirt.  The 
Accidentisin  Mines  Commission  recommended 
iloing  away  with  the  holes  in  tbe  base  of  the 
bonnet,*  and  in  most  of  the  Inmps  now  con- 
structed in  this  country  thu*  is  carried  out. 
In  the  form  illusti-ated,  thi'ee  slightly  conical 
gauzes  oj'B  employed,  but  often  two  only  are 
used.  They  are  protected  by  a  sheet-iron 
shield.  After  considerable  experience  with 
this  lamp,  the  author  expressed  an  opinion 
tliat  it  appeai'ed  to  be  the  most  suitable  for 
the  workdug  miner ;  its  construction  was 
simple  and  strong,  and  it  gave  a  ivjliable  indication  of  gas,  and  a 
good  light. 

Further  experience  has  not  materially  ultered  that  opinion,  as. 
although  the  lamp  finding  most  favour  does  not  go  by  Mr.  Mar- 
saut's  mime,  yet  it  is  pructically  a  lamp  of  his  type,  with  an  addi- 
tion which  increases  its  efficiency  and  lighting  power  in  the  impure 
cunents  of  return  air-waya. 

Deflector. — During  an  escm-^ion  in  Lancashire,  the  author's 
attention  was  called  to  this  lamp,  and  ascomplaints  had  been  mnde 
of  the  dilliculty  in  getting  some  of  the  other  fornm  to  burn  brightly. 
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a  fev  bmps  of  this  tjpe  were  obtained  and  placed  in  the  hmds  of 
the  miners  at  one  of  the  ooUieries  under  hia  char^ge. 

Fig.  415  illnstrates  the  brnp,  and  it  will  be  seen  that  the  Mir- 
«aut  is  followed,  so  far  as  the  annangement  of  gauzes,  shield,  ofl 
Towtl,  and  ghksis  are  ooncemed.  The  distinctive  difTerenoe,  how- 
ever, consiste  in  the  guiding  of  the  inkl 
is  admitted  through  a  row  of 


Fig. 


air 


holes  in  the  horizontal  flange,  suppsi- 
ing  the  shidd,  and  is  prevented  dob 
impinging  on  the  gauae  by  a  veitieil 
cylinder  of  brass,  a,  i^  inches  hi^ 
which  acts  as  a  guide,  and  direetsths 
in-goiog  current  vertically  upwards.  At 
a  point  about  i|  inch  above  the  hori- 
zontal flange  supporting  the  shield,  sd 
angle-ring,  6, is  introduced,  the  horiaootd 
part  of  which  completely  fills  up  the  sp&ob 
between  the  outside  gauze  and  theiiinde 
of  the  shidd.  The  other  flange  projeets 
downwards  dose  against  the  gauze,  ter- 
minating just  before  reachingthe  verticd 
cylinder  which  proceeds  from  the  hori- 
zontal flange  forming  the  base  of  the 
shield.  It  will  be  noticed  that  the  ver 
tical  cylinder,  a,  is  not  placed  dose  to 
the  gauze,  but  occupies  an  intermediate 
position  between  that  part  and  the  shidd. 
The  inlet  air  after  being  directed  upwards  meets  this  ''deflector," 
and  is  thus  thi*own  on  to  the  flame.  As  the  lamp  getn  hot,  mote 
air  is  sucked  in,  and  passed  on  to  support  combustion.  This  fonos 
the  explanation  why  such  good  illumination  is  obtained.  At  the 
end  of  a  shift  the  light  given  is  nearly  as  good  as  it  was  at  the 
beginning.  After  burning  a  short  time  and  getting  hot»  the 
illuminating  power  sensibly  increases,  and  no  difficulty  is  ezperi- 
enced  in  lighting  the  lamp  when  all  the  parts  are  cold. 

In  all  oixlinary  lamps  a  rapid  circulation  is  obtained  as  soon  as 
the  parts  get  hot,  but  no  appliances  are  introduced  to  prc^perij 
direct  the  inlet  current,  and,  as  a  result,  the  greater  part  passes 
away  at  once  with  the  products  of  combustion,  only  a  portion 
going  downwards  to  supply  the  flame.  In  the  '*  Deflector,"  all  the 
air  which  enters  reaches  the  flame,  and  before  doing  so  is  heated 
by  contact  with  the  warm  deflecting  ring  and  gauzes.  To  this 
heating  of  inlet  air  and  proper  directing  of  current  is  due  the  fact 
that  this  lamp  will  bum  in  an  air  containing  such  a  quantity  of 
carbonic  acid  gas  that  all  ordinary  forms,  even  unbonneted  ones, 
are  extinguished. 

The  liunp  is  supplied  with  a  solid  top,  c,  and  the  shield  is 
secured  by  a  lead  rivet,  d.    This  is  an  advantage,  as  the  locking 
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of  the  boDoel  cnii  be  left  to  the  last  minute,  and  until  the  miner 
has  satiftfied  himnelf  that  all  the  parts  are  in  their  proper  position. 

Tin  Can  Davy. — In  the  North  of  England  the  ordinary  Davy 
is  enclosicd  in  a  tin  case,  provided  "ith  a  window  (Fig.  414).  If 
this  ciise  extends  the 
entire  height  of  the 
lamp,  the  security 
afforded  is  gi'eatly  in- 
creased. Indeed,  the 
Royal  Commission  on 
Atiddents  in  Mines" 
stated  that  the  addition 
caused  the  lamp  to 
become  one  of  the 
safest  tested,  but  they 
also  point  out  th:it  at 
high  velocities  it  very 
small  diffc-rence  in  the 
form  of  the  case,  or 
in  the  position  of  the 
lamp  with  respect  to 
the  current,  greutly 
affects  the  behaviour 
of  the  lamp. 

Thomebarry,  —  A 
lamp  which  has  at- 
tracted considerable  attention  lately  if 
invented  by  Dr.  Thome,  in  which  a  heavy 
petroleum  oil,  having  a  flashing  point  of 
350,  is  burnt  in  a  cone  similar  to  those 
employed  in  paraffin  lamps  (Fig.  415)- 
Two  concentric  glasses,  0  and  b,  are  em- 
ployed, which  are  not  disturbed  when  the  lamp  is  taken  to  pieces 
for  cleaning.  A  metal  tbimney,  d,  which  carries  anay  the  pro- 
ducts of  combustion,  leads  directly  from  the  inner  glas.«,  while 
the  gauze,  h,  leads  from  the  outer  glass,  and  as  a  further  protec- 
tion in  cuiTents  of  high  velocity,  a  second  piece  of  short  gauie,  e, 
ifi  attached.  The  whole  is  enclosed  in  a  metal  (shield.  The  feed-air 
enters  at  the  point,  c,  passes  down  between  the  two  glasses,  and 
through  the  gauze,/,  into  the  combustion  chamber,  g. 

The  light  given  is  of  a  very  superior  character,  and  the  height  of 
the  flame  can  be  easily  regulated  by  a  pinion  and  milled  disc.  This 
is,  however,  a  source  of  annoyance,  as  the  b>mall  watch-key  which 
tits  on  to  the  square  shaft  of  the  pinion  very  easily  weaiti  round, 
and  just  at  the  moment  when  it  is  wished  to  be  put  into  operation, 
the  key  turns  and  the  lowering  arrangement  does  not.     So  £ar  a 
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luifety  ii>  concerned  this  ktmp  gives  excellent  results,  and  in  %i» 
liiinile  of  an  official  of  the  collieiy  may  be  used  nDderground  in 
ittrong  cutrentH  of  air,  but  it  hae  a  tendency  to  get  very  liot. 
eMpecially  if  it  stunds  anywbere.  It  is  very  oomplicateij,  and 
weighs  moi-e  tliau  any  other  lamp,  and  requires  more  ilelicBU 
huudlitip  than  an  ordinary  miner  will  give  it. 

Sight  Lamp. — An  impravement  of  considerable  importance  luui 
recently  boeii  introduced  by  the  Sight  Lump  Company,  who  etnplDy 
II  shield,  having  a  great  number  of  perfor&t«d  holes  tbrongfa  it, 
but  which  hue  a  glass  lining  especially  matle  fur  the  purpoee.  Id 
this  way  the  shield  does  not  obstruct  the  hght  to  anything  like  the 
same  amount  as  a  soUd  one  does.  Breakages  are  not  of  frequeot 
occurrence,  iw  the  gla^  is  well  protected  by  the  perforated  shield; 
there  is  no  space  between  the  metal  and  glass  shield. 

Oonolusiona. — Owing  to  the  large  amount  of  useful  UgtA 
given  by  the  Hepplewhile-Oray,  the  way  this  is  directed  on  to 
the  roof,  and  the  delicate  indication  of  ga£  given  by  this  lamp,  it 
is  preferred  to  all  others  for  use  by  deputies,  firemen,  and 
timoerers.  It  requii-es,  however,  very  careful  handling;  and  ths 
light  ia  easily  extinguished  even  when  gas  is  absent.  Men  me 
apt  to  get  careless,  and  carry  it  about  with  the  lower  slide  hoi* 
open,  and  when  in  that  state,  if  the  current  impinges  suddenW 
on  the  lamp,  the  light  is  tost.  The  distribution  of  light  on  the 
roof  is  due  to  the  truncated  cone  form  of  glass,  which  is  claimed 
to  be  stronger  than  a  cylindrical  one,  and  to  automatically  aoceni- 
modute  itself  to  sudden  changes  of  temperature.  The  rapidity 
with  which  gas  13  detected  is  a  great  point  in  ita  favour.  With 
this  lamp  it  is  scarcely  possible  to  miss  the  smallest  quantity,  even 
when  passing  hurriedly  from  one  place  to  another,  which  can 
easily  be  done  with  any  other  form,  as,  unless  there  is  an  ap- 
preciable quantity  of  gas  present,  they  require  to  be  held  a  definite 
time  in  it  before  any  indication  is  given. 

For  the  ordinary  miner  who  requires  something  a  little  less 
delicate  than  the  Qray,  the  Deflector  lamp  gives  excellent  results. 
The  light  given  in  impure  air  is  superior  to  that  obtained  from 
any  other  form,  and  it  will  continue  to  bum  even  when  the 
unbonneted  varieties  will  not.  It  gives  as  good  an  indication  of 
gas  asany  other  lamp,  with  the  exception  of  the  Gray  and  Mueaeler. 
The  author  obtained  a  number  of  different  types  of  lamps  for  use 
at  one  of  the  coUieiies  under  his  charge,  and  after  an  experience 
of  two  yeoi-a  there  is  not  a  miner  at  the  pit  who,  if  be  had  his 
choice,  would  not  select  a  Deflector  lamp  in  preference  to  any 
other,  his  reasons  for  this  being  that  it  bums  brightly  in  slow  and 
impure  currents,  gives  a  good  light  for  a  long  time,  and  will  endure 
a  great  deal  of  rough  usage. 

OH, — The  report  of  the  Accidents  in  Mines  Commission  firat 
drew  attention  to  the  fact  that  a  mixture  of  one-third  petroleum 
and  two-thu-ds  i-ape  or  seal  oil  was  more  suitable  for  safety  lamps 
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^Ban  best  reGned  colm.  It  is  oecessaiy  that  the  petroleum  shoiilil 
^ft  of  the  best  quality,  and  that  no  more  than  the  quantity  given 
^Bove  should  be  used.  The  mixture  is  coDsiderably  cheaper  than 
^Brt  colza,  and  gives  equal  illumiDating  {tower,  and  the  wick  has 
^Ht  such  &  tendency  to  foi'm  a  hard  c^e  oD  the  top. 
^■Mineral  oils  are  but  rarely  employed  for  safety  lumps,  although 
^Bempts  have  been  made  from  time  to  time  to  utilise  them  for  thiH 
^Br.'^ose.  Benzoline  is  used  in  some  of  the  lamps  made  by  the 
^Butector  Company  and  by  Wolff,  of  Zwickau,  Saxony.  It  is  a 
^Hatile  substance  and  requires  the  greatest  care  in  its  iipplication. 
^K>  free  oil  is  allowed  to  remain  in  the  oil  vessel,  which  is  filled  with  a 
^BoDge,  and  as  the  wick  itself  does  not  burn  an  asbestos  one  is  pro- 
^Kied.  In  filling  the  lamp  a  small  quantity  of  benzolino  is  poured 
^Bto  the  vessel  and  the  sponge  saturated,  all  escess  is  then  emptied 
^Bck  again  into  the  tanks.  It  certainly  gives  a  nice  clear  light  and 
^Boduces  no  smoke,  but  requires  so  many  precautions  in  the  filling- 
^Bom  that  it  has  never  been  largely  employed  in  this  country.  A 
^Becial  charging  apparatus  ban  to  be  provided,  and  no  naked  lights 
^Bn  be  introduced  into  the  room  where  the  lamps  are  replenished. 
^Bie  employment  of  mineral  oil  is  not  allowed  in  the  fiery  mines  of 
Klgiuni. 

■  Wick. — In  the  lamps  of  recent  introduction,  flat  wicks  are 
^pivariabty  employed.  The  illuminating  power  of  the  old  forms  of 
tafety  lamps,  when  the  wick  was  round,  varied  from  0.3  to  0.5 
of  a  standard  candle,  but  where  a  flat  wick  is  employed  it  may 
rise  as  high  as  0.7.  With  a  view  of  further  improvement  Mr. 
A.  U.  Stokes  has  introduced  a  wick  tube  which  is  guttered  along 
one  side  and  the  wick  is  supplied  rather  wider  than  the  tube,  so 
that  it  takes  a  comigiited  form.  A  longer  surface  of  dame  is 
obtained  and  the  supply  of  oil  to  the  wick  is  better.  Mr.  Ash- 
worth  obtains  a  similar  result  by  making  the  wick  wider  than  the 
wick  tube  and  the  tube  broader  than  the  wick. 

A  point  to  which  little  attention  has  been  drawn  iiii  the  material 
of  which  the  oil  vessel  is  constructed.  In  England  it  is  invariably 
made  of  brass,  while  on  the  Continent  it  is  just  as  regularly  made 
of  iron.  Mr.  Marsaut's  experiments  proved  that  the  lighting  power 
is  influenced  by  the  material  of  which  the  lamps  are  constructed, 
and  that  a  brass  lamp  only  gave  70  per  cent,  of  the  luminous  in- 
tensity of  the  same  lamp  in  iron.  The  explanation  of  this  seems 
to  be  found  in  the  superior  heat  conductivity  of  the  former,  as 
the  lamp  bottom  gets  very  hot  and  the  lal  becomes  viscous. 
Brass  oil  vessels  seem  to  be  cheaper  than  if  made  of  iron,  owing  to 
the  ease  with  which  they  can  bo  cast.  To  remove  the  objection 
Mr.  Ashworth  coat«  the  top  of  his  oil  vesaebwith  a  bad  conductor 
of  heat  (tin). 

OlasBSB, — Glosses  having  their  edges  polished  ai'e  now  more 
extensively  used  than  any  other  form.  It  is  very  important  that 
all  gap*  should  be  closed,  and  therefore  the  edges  must  be  ground 
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npprazimAtflly  pnrHllel,  for  if  they  iu«  chipjic^,  or  not  pir^«t,  na 
inatter  what  wnahors  «re  used,  some  opening  is  left.  Aabfsti* 
niiU-boATil  washers  should  alwuys  be  introtluced  between  the  pirit 
where  metal  and  gloss  meet.  Rubber  and  tentlier  ore  liable  to 
periith. 

Iiockiag  liampa. — ^The  original  device  employed  was  that  d 
a  screw  bolt  titrneil  by  a  key  till  ite  head  was  concealed  below  tl« 
surface  nf  ilie  metjil  into  whit-h  it  was  inserted.  This  (ran  wniwln 
be  called  a  lock  at  all,  as  tt  may  readily  be  openetl  by  any  one  witb 
nn  old  nail. 

Magntlic  Loch. — In  several  types  of  lamps  a  lock  has  been 
desig;ned  which  requireti  the  application  of  a  powerful  ma^et  to 
open  it.  The  general  arran^ment  cor)Ui«t>»  in  employing  a  fad! 
which  fits  into  notrhee  in  a  circular  plate  anil  is  kept  there  by  a 
Kpring.  When  a  magnet  is  placed  in  a  certain  position  it  attrscR 
the  bolt,  withdrnwiiig  it  from  the  not^'li,  compresses  the  spring 
and  allows  the  oil  vessel  to  be  unscrewed.  The  shape  of  the  (:priD^ 
and  notches  is  such  that  the  magnet  is  not  necoisiuy  to  enable  the 
lx)ttom  to  be  screwed  on. 

Lead  /Jiivf^.^Mngnetic  lockR  possess  one  advantage,  that  the 
lamp  cannot  be  opened  without  Guitable  appliaueeR,  but  they  are 
rtpt  to  get  out  of  order  and  are  cumbereome.  By  far  the  com- 
monest, and  indeed  the  simplest,  method  of  secxuing  safety  Umfs 
is  that  of  emploj'iiig  a  pin  of  lead,  which  is  riveted  into  place  anrf 
has  a  <levice  punched  upon  it.  It  is  impossible  to  open  the  lamp 
without  breaking  this  pin,  and  Although,  of  course,  any  one  m 
desiring  cim  open  the  lamp,  it  cannot  bo  done  witbout  detection. 
The  common  locking  aitangement  is  illustrated  in  Fig.  413,  and 
is  performed  by  a  hasp,  e,  dropping  over  a  projecting  boss,  /, 
lliroiigh  which  a.  hole  is  bored  for  the  reception  of  a  lead  rivet. 
The  hflHp,  f,  is  titled  to  a  loose  collar,  ff,  surrounding  the  oil  vessel, 
wliich  civn  easily  be  turned  round,  giving  compenBation  for  the 
wear  on  the  screw  and  the  oil  vassel,  and  enablijig  the  projection, 
/,  and  hasp,  «,  to  be  always  brought  exactly  together. 

The  locking  arrangement  of  the  Morgan  lamp  posseesea  several 
points  of  novelty.  Two  projections,  one  on  the  oil  vessel,  the  other 
on  the  upper  part  of  lamp,  with  vertical  holes,  are  provided,  a  and  ft 
(Fig.  411),  but  the  passage  in  the  upper  projection  does  not  go 
■!ompIet«l}'  througii  it.  A  small  spring  mU'h,  c,  is  f^ituated  in  the 
lower  projection  and  will  allow  a  cylinder  of  e<jual  diameter  to  the 
hole  to  paKfl  by  if  the  direction  of  motion  be  vertically  upwards. 
The  lead  plug  employed,  d,  conaista  of  a  cylinder  with  a  >  -sliaped 
piece  cut  out.  To  lock  the  lamp  the  cylinder  of  lead  is  pushed  in 
through  the  lower  hole;  it  cannot  go  out  at  the  top,  as  the  covei^ 
ing  prevents  it,  and  it  cannot  be  drawn  back  again,  as  the  small 
spring  catches  under  the  > .  This  arrangement  seems  to  be  an 
improvement  on  tlie  ordinary  lead  rivet,  as  time  is  saved. 

Uyder'a  Lock. — In  order  to  allow  the  shield  to  be  removed  after 
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I  internal  parts  Lave  been  fitted  together,  a  slicling  pillai 
biployed,  which,  wheu  the  oil  veesel  is  screwed  up,  projects  into 
e  base  of  the  shield  and  pi'eventti  its  being  removed,  but,  on  the 
r  hand,  when  the  oil  vessel  is  taken  ofi*,  the  pillar  can  be 
illed  down  a  short  distance,  thtie  releasing  the  shield. 
I  Hus  has  recently  been  improved  ;  it  now  locks  both  shield  and 
il.  In  Fi^^.  41 1)- 18,  u  is  the  upper  horizontal  ring  of  the- 
iL  lamp  on  to  whicJi 
B  shield  is  screwed,  and 
^is  the  bottom  one  that 
eivee  the  oil  vesfiel.  The 
ing-bar,  e,  occupies  the 
position  shown  in  Fig.  416 
while  the  shield  it<  being 
screwed  on,  and  as  soon  as 
this  is  done,  the  bar  is 
pushed  upwards  and  tnkes 
the  position  illustrated  in 
Fig.  417,  locking  the  shield. 
l^he  oil  vessel  is  now  screwed 
OD  and  then  the  sliding- 
bar  is  lowered  a  little,  its 

bottom  end  going  into  a  i-ecess  in  the  oil  vessel.  This  motion  i^ 
not  sufficient  to  take  the  pin  entirely  out  of  the  shield,  and,  as  a 
result,  both  shield  and  oil  vessel  are  locked,  and  the  sliding-bnr 
is  then  secured  in  this  position  by  a  lead  rivet  (Fig.  418). 

Casting  Bivets.— A  machine  largely  employed  for  casting  lead 
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rivets  is  that  of  Howat's,  which  consists  of  a  series  of  recesses 
(ec,  Figs.  419  and  420)  of  the  exact  size  of  the  rivet,  arranged  in  a 
circular  manner  around  central  spindles,  d  d,  which  have  a  mush- 
room-shaped head.  These  spindles  can  be  moved  vertically  upwards 
by  means  of  the  cross-bar,  e,  and  lever,/.  The  top  is  covered  by  a 
lu),  g  g,  having  holes  through  it  at  h  h.  Molten  lead  is  poured  in 
through  these  holes,  and  fills  up  the  recesses,  c  0,  the  lid  is  lifted 
off  by  the  handle,^',  and  by  depressing  the  handle,/,  the  bunches- 
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of  riveU  are  r&!sed  out  of  their  bed.  To  remove  them  from  tb« 
aentra]  core  to  which  they  are  attached,  they  are  plnced  otot  r 
spediil  die.  and  with  one  blow  of  a  punch  the  central  block  of  lead 
is  detached,  and  the  rivets  ore  left  ready  for  use.  Gach  machiiw 
raet«  three  set«  of  twelve  rivets  at  a  tine. 

Balighting  Lamps. — An  armngement  is  sometimes  provided 
to  put  out  the  flame  if  the  lamp 
be  uDficrewed,  but  thu  affords  do 
security,  as  it  tempte  the  miner  to 
carry  matclies  about  with  him  to 
ri'light  the  lump,  which  may  be 
done  without  detection.  With  the 
Protector  lamp,  however,  by  meaiB 
of  H  Iix'kiiig  bolt,  after  being  om* 
unscrewed  the  lamp  cannot  be 
relighted  without  unloc^ng.  If 
the  oil  vessel  (f.  Fig,  421)  ia  with- 
drawn, the  wick  p;i£see  down  the 
aides  of  the  tube,  a.  and  the  flame 
is  put  out  and  cannot  «gain  br 
lighted  and  replaced  in  position 
until  the  tube,  a,  is  taken  from 
the  lamp  and  put  in  ite  proper 
position  in  the  oil  vessel.  "Rw 
tube,  a,  is  locked  by  the  bolt,  &, 
1  pushed  home,  is  kept  in  position  by  a  small  spring. 
rnbor  of  lamps  which  become  extinguished  from  different 
causes  in  the  workings  is  very  great,  and  amounts,  according  to 
statistics,  Ht  many  collieries  ia  as  much  as  zo  per  cent.,  which 
have  to  be  either  rehghted,  or  other  ones  served  ont  to  the  men. 
The  genei-al  practice  is  to  provide  special  lighting  stations,  and  to 
insist  on  men  taking  their  lamps  to  these  places  when  they 
become  extinguished.  Such  a  station  must  be  situated  at  smite 
point  where  a  naked  light  is  allowable,  and  as  this  is  often  only 
at  or  near  the  pit-bott«m,  men  have  to  travel  a  consideisble 
distance  when  their  lights  become  extinguished,  which  acts  in  a 
very  salutary  way  in  causing  them  to  take  every  precaution  to 
prevent  losing  their  lights.  As  in  some  mines  naked  lights  an 
not  allowed  at  all,  a  certain  number  of  extra  lamps  are  taken 
down,  which  replace  those  that  become  extinguished. 

Where  a  volatile  illuminant  like  benzoline  is  employed,  a  relight- 
ing arrangement  can  be  applied.  In  the  Wolfl'lamp*  a  strip  of 
paper  is  employed,  provided  with  fulminating  spate,  each  of  which 
can  bo  brought  opposite  the  wick  by  a  step  movement,  and  at  the 
same  time  be  struck  by  a  trigger  released  by  a  spring;  the 
fulminating  compound  explodes  and  ignites  the  benzoline  vapour. 

•  Uan.  lleo.  Soc,  jvii,  ;So. 
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The  process  can  be  repeated  until  the  whole  of  the  caps  are  « 
hausted,  when  the  papei'  contatuing  them  is  removed  and  a  fresh 
|iiece  put  in  its  place. 

A  similar  device  if)  that  of  Mr.  H.  £lsom,*  but  is  applicable  to 
vegetable  oil  lamps.  A  small  wire  rod  is  fixed  in  the  lamp  on  tba 
opposite  side  of  the  wick  trimmer,  and  ciuries  one  or  more  | 
ordinary  matches,  which  can  be  lighted  by  friction.  When  the  I 
light  is  extinguished,  one  of  these  matches  is  rubbed  on  a 
roughened  plate  and  ignites,  the  lump  being  tilted  so  as  to  bring 
the  wick  over  the  match.  A  guard  plat«,  or  shield,  is  fixed  against 
the  adjacent  match  to  prevent  the  flame  of  one  accidentally 
igniting  the  other. 

The  objection  to  any  such  appliance  is,  that  supposing  any 
mp  has  been  extinguished  thi'oiigh  the  presence  of  aa  explo- 
re mixture,  when  one  of  the  matches  was  struck,  an  internal 
[plosion  would  be  produced  which  might  result  in  the  passage 
f  flame  to  the  external  atmosphere. 
Cle&mng  Lampe. — Where  a,  large  number  of  safety  tamps  are 
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ployed  they  are  now  geneiully  cleaned  by  machinery,  which 

consiBtB  of  a  series  of  revolving  brushes  titling  the  several  parts.   To 

lOve  the  oil  adhering  to  the  gauze,  powdered  magnesian  lime- 

le  is  generally  sprinkled  on  the  brushee.     In  some  cases  to 

Obtun  a  similar  result  the  gauzes  are  steeped  at  intervals  in  a 

solution  of  caustic  potash. 

For  removing  the  internal  fittings  of  lamps,  a  simple  arrange- 
ment (Fig.  422)  can  be  employed.     It  consists  of  a  nut,  a,  which 
fite  into  the  projecting  lugs  on  the  lamp-glass  ring,  and  on  turning 
handle  this  ring  is  unscrewed. 

more  elaborate  machine  is  that  of  Howat's  (Fig.  423),  which 
rivets  the  lead  plugsand  unscrews  the  various  parta  of  lamps. 
It  consists  of  a  cup,  A,  containing  a  number  of  Blots,  which  can  be 
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rotated  by  turmiiK  the  handle,  B.  The  lamp  bottom  cui  be 
unscrewed  by  placing  it  in  the  cup,  with  the  projecting  boss  ia 
one  of  the  slots,  and  then  turning  the  handle.  In  order  to  remove 
the  intern&l  fittings,  the  cup  A  is  taken  oD',  and  the  lamp  placed 
on  a  square  nut  thus  exposed,  which  fit£  into  the  projecting  lugs 
on  the  ring  securing  the  lamp  glass.  Sic.,  in  their  proper  poeitioti. 
A  few  turns  of  the  handle  removea  everything,  Bud  after  cleaning, 
a  reversal  of  the  above  openitiona  soon  puts  the  parts  together. 
To  rivet,  the  lamp  is  placed  on  the  platform,  C,  with  one  head  oi 
the  rivet  against  the  stop,  D,  when  half  a  turn  of  the  handle 
brings  the  movable  bar,  E,  forward,  and  looks  the  lamp.  To  unlock 
the  lamp,  it  is  placed  on  the  platform,  F,  with  the  lie»d  of  xhe 
rivet  under  the  cutter,  O,  which  on  being  depressed  cats  off  the 
rivet.  The  lamp  is  then  removed,  placed  at  the  other  end  of  the 
platform,  F,  and  the  handle,  B,  reveraed  when  the  e>ccentric  block, 
H,  pushes  the  rivet  out. 

Electric  Light  Underground. — Many  collieries  are  now  pro- 
vided with  the  electric  light  underground,  but  the  system  ext«ndA 
only  a  short  distance  from  the  ahiift.  The  ordinary  incandescent 
light,  if  worked  direct  from  the  dynamo,  requires  two  conducting 
wirm  to  convey  the  current,  and  as  illumination  is  Kpe<aally 
required  in  the  working  places,  it  seems  improbable  that  the  direct 
■ystem  of  lighting  as  is  employed  on  the  surface  will  ever  be  useil 
underground.  The  working  places  are  naturally  moving  day  by 
day,  falls  of  roof  are  common,  and  as  the  space  is  confined,  con- 
ducting wires  would  be  quite  out  of  place  there. 

Seeondary  Batleriea. — By  employing  wliat  are  known  as 
secondary  batteries,  or  accumulators,  a  charge  of  electricity  can  be 
stored  up  to  be  given  out  as  required.  These  secondary  batteries 
consist  of  a  series  of  lead  plates  covered  with  spongy  lead,  arranged 
in  cells  and  surrounded  by  a  solution  of  dilute  sulphuric  acid. 
Yarious  elements  are  employed,  and  the  cells  ore  arranged  differ- 
ently by  several  makers,  all  with  a  view  of  reducing  weight  and 
increasing  efficiency  and  luminosity.  With  a  lamp  weighing 
about  4  lbs.,  a  light  equal  to  i  or  i  j  standard  candles  can  be  pro- 
duced for  about  twelve  hours.  The  lamps  are  charged  by  connect- 
ing them  to  a  dynamo,  and  passing  in  a  current  for  from  eight  to 
ten  hours,  or  for  such  a  length  of  time  as  is  nece.'fsary.  It  generally 
takes  as  long  to  charge  as  to  uncharge.  The  lamp  itself  is  a  small 
incandescent  one,  and  the  light  can  be  turned  on  and  off  by  a 
switch. 

Accumulators  require  constant  care,  even  when  made  of  large 
size,  and  still  more  is  this  the  case  when  they  are  of  small  dimensions. 
During  the  progress  of  discharging  and  re-charging,  gas  is  given 
off  by  the  cells,  and  it  is,  therefore,  impossible  to  hermetically  seal 
them.  A  small  hole  has  to  be  left  for  the  escape  of  this  gas,  and 
as  the  cells  contain  ft  liquid,  this  liquid  also  escapes,  and  I^ng  an 
acid,  attacks  the  connections  and  eats  them  ana; ;  sooner  or  later 
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sbort-circuitmg  resulta.  Tbei'e  is  also  considerable  difficulty  io 
determining  when  the  celJa  are  charged ;  they  often  appear  to  be 
so,  and  yet  after  taking  the  lamp  underground,  the  light  goes  out 
in  a  few  hours. 

Primary  BiUteria — If  some  form  of  battery  can  be  designed  at 
a  low  working  cost,  which  will  provide  in  itself  electricity  of 
BufQcient  concentration  to  work  an  incandescent  lamp,  it  will,  no 
,  doubt,  meet  with  considerable  favour.  The  disadvantage  of  primary 
batteries,  by  which  is  meant  a  battery  which  is  replenished  by 
putting  fresh  plates  and  fresh  chemicals  into  it,  ia  that  they  are 
expensive  to  keep  in  action,  as  they  consume  a  lot  of  material 
and  involve  considerable  trouble  in  emptying  and  charging  them. 

Probably  the  most  successful  up  to  the  present  ia  that  of 
Mr.  A.  Schanschiefl",*  which  has  for  its  elements  carbon  and  sine, 
the  exciting  fluid  being  a  solution  of  basic  sulphate  of  mercury  in 
the  acid  sulphate,  one  part  of  the  salt  being  dissolved  in  three  paila 
of  water.  In  one  form,  the  elements  occupy  a  little  lees  than  one 
half  of  the  cell  (the  top  port)  and  the  solution  a  little  less  than  the 
other  half.  The  top  and  bottom  of  the  lamp  being  hermetically 
sealed,  on  turning  the  battery  upside  down  the  solution  flows  on  to 
the  elements  and  the  lamp  begins  to  work.  The  great  advantage 
ia  that  no  gas  is  given  ofi'.  A  second  form  is  so  arranged  tlut 
the  plates  are  electrically  disconnected  by  lifting  them  out  of 
the  liquid.  Lord  Kelvin  reports  that  the  battery  has  a  high 
E.  M.  F.  (1.39  volts)  and  a  very  low  resistance  (0.15  ohm  for 
10  sq.  inches  of  zinc  surface).  Its  disadvantages  are,  the  cost  of 
the  exciting  fluid  (4«.  a  gallon,  although  it  is  stated  that  3«.  "^d.  a. 
gallon  would  be  allowed  for  the  spent  liquid  with  its  solid  residue 
and  free  mercury,  but  the  loss  at  collieries  would  be  considerable), 
and  that  the  liquid  is  also  exceedingly  con-osive  and  attacks  every- 
thing. The  consumption  of  zinc  is  about  i  lb.  in  forty-eight  hours. 

Aa  constructed  at  the  present  time,  both  forms  of  portable 
electric  lights  are  far  too  delicate  to  be  employed  by  the  ordinary 
every-day  miner.  They  will  not  give  good  results  even  in  the 
bands  of  the  oflicials. 

Delioate  Indicators, — The  ordiuary  safety  lamp  will  not 
detect  a  smaller  amount  of  gas  than  2^  per  cent,,  and  in  dry  and 
duety  mines  it  is  desirable  that  a  smaller  amount  than  this  should 
be  discovered  if  present.  To  do  this,  what  are  known  aa  delicate 
indicators  are  employed.  Several  forms  are  very  complicated,  but 
others  exist  which  give  good  results  in  the  hands  of  miners, 

Pider  LampA — The  most  successful  is  the  Pieler  lAmp.  It  con- 
sists of  an  ordinary  oil  vessel,  but  the  illumiiiant  is  pure  alcohol. 
The  wick,  which  ia  composed  of  silk,  can  be  raised  or  lowered  in 
the  wick  tube  in  the  ordinary  manner.    To  prevent  the  obeervcp 
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seeing  the  flame  of  the  burning  »]coho1,  a  conical  shield  is'p 
vided,  covering  the  flnme.  The  wire  gnuxe  is  of  the  Davy  type, 
but  much  larger,  to  aLow  for  the  increaced  height  of  the  Sun 
produced.  Id  the  lst«r  lamps  a  Eliidd,  having  a  door  on  one  E)d«, 
has  been  added  as  a  protection,  as  in  its  original  form  the  hunp 
trae  very  unsafe  even  in  current«  of  the  moet  ordinary  velodly. 
When  moving  about,  the  door  in  the  shield  is  shut,  but  when  an 
obeervation  is  being  taken  it  is  opened.  With  this  lamp  i  pa 
cent,  of  fire-Jamp  produoea  a  cap  of  i  J  inche*  long,  »-ith  }  per 
cent,  the  cap  reaches  a  inchee,  and  when  i  ^  per  cent,  is  presenl 
the  cap  reaches  the  top  of  the  lamp,  and  is  of  a  deep  blue  colour. 
This  lamp  is  only  useful  for  detecting  low  percentages  of  gas,  and 
must  not  be  taken  where  gas  might  be  present  until  a  previous 
ezaminntion  has  been  made  with  an  ordinary  safety  lamp.  The 
Pieler  lump  should  only  be  used  by  persons  of  experience  and 
discretion. 

Athieorth'i  Lamp.* — In  this  form,  which  is  a  modification  of 
the  Hepple white-Gray  lamp,  beuzoline  is  osed  as  the  illuminant, 
which  not  cnl;  gives  an  excellent  light,  but  when  reduced  and  a 
special  burner  employed  pi-oduces  a  veiy  hot  flame,  which  aids  the 
detection  of  fire-damp.  The  glass  of  the  lamp  is  ground  dead  for 
over  two-thirds  of  iti)  inner  surface,  and  completely  deadens  all 
reflection.  This  materially  assists  the  detection  of  the  cap.  It  is  said 
to  give  an  indication  of  ^  per  cent.,  and  to  detect  gas  better  than 
any  other  1amp,with  the  exception  of  the  Pieler.  Its  advantage  con- 
sists in  the  fact  that  it  gives  a  good  light  when  not  used  for  test' 
ing  purposes.  ThePieler  lamp  ia  simplya  gas-tester,  and  another 
lamp  has  to  be  carried  about  to  light  the  miner  on  his  way. 

Coloured  Gloat. — Mr.  A.  L.  Steavenson  t  proposes  to  apply  the 
law  of  the  absorption  of  light,  and  employs  a  piece  of  coloored 
glass,  which  shuts  off  the  flame  of  the  safety  lamp,  and  renders 
evident  the  pale  blue  cap  in  a  more  distinct  manner  than  ia  pos- 
sible with  the  unassisted  eye.  Bither  a  sUp  of  blue  pot  op^  is 
adjusted  on  a  lamp  whenever  it  is  desired  to  make  on  esaminatloD, 
or  a  pair  of  spectacles  may  be  fitted  with  glass  of  this  colour.  He 
states  that  such  addition  is  most  beneficial,  enabling  an  observer 
to  detect  the  presence  of  gas  when  quite  invisible  to  the  unaided 
eye. 

Liveing'g  Indieator.i — When  a  coil  of  platinum  is  heated  in 
contact  with  marsh  gas,  the  combustion  of  the  gas  adds  some  heat 
to  the  platinum,  which  consequently  glows  more  brightly  than  if  it 
were  iu  air.  This  is  the  principle  which  Ur.  E.  H.  Liveing  has 
utiUsed  in  his  indicator.  It  consists  of  two  coils  of  platinum  wire 
through  which  an  electric  current  is  passed  by  turning  the 
handle   of  a  small   magneto  machine.     One  of  these  spintls  is 
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^■Bclosed  in  a  tube  made  air<tight  and  filled  with  pare  air,  the 
^H^ier  is  smTounded  by  a  cylinder  of  wire  gauze.  One  end  of  each 
^Kiral  is  provided  with  a  glass  cover,  the  two  facing  each  other, 
^Kliile  in  between,  a  small  screen,  such  as  is  used  in  photometric 
^Kqyeriments,  is  placed.  When  the  air  of  the  mine  is  quite  free 
^Bkhq  fire-damp,  both  spirals  glow  equ&Uy,  and  the  screen  would 
^Ba  midway  between  them,  but  when  fire-dump  is  present,  one 
^■^ral  glows  more  than  the  other,  and  the  screen  has  to  be  moved 
^Krther  from  it  to  equalise  the  amount  of  light  on  the  two  faces. 
^^L  graduated  scale  is  provided  which  points  out  the  percentage  of 
^^■18  present  due  to  any  pcsitiou  of  the  screen. 
^K  After  one  spiral  has  been  heated  more  than  the  other  on  aevei-al 
^Becasions,  its  electrical  conductivity  becomes  altered  and  the  two 
^KUl  not  glow  to  an  equal  estent,  even  when  a  trial  is  made  in 
^Blire  air.  To  allow  the  instrument  to  accommodate  itself  to  thitt 
^■hange,  it  is  possible  to  move  the  zero  point  of  the  scale.  After 
^■nng  the  instrument  several  times,  before  taking  it  into  the  mine 
^^ue  sliding  screen  is  moved  until  its  two  sides  appear  equally 
^Bright  on  turning  the  handle.  The  screen  should  then  stand 
^B^Ksite  zero  on  the  scale  of  percentages,  but  if  it  does  not  the 
^■Mle  should  be  moved  slightly  until  it  is  right,  which  is  done  by 
^Boeening  a  small  thumb-screw  that  holds  it.  This  instrument 
fteadily  detects  \  per  cent,  of  gas,  and  with  a  little  practice  any 
intelligent  person  can  operate  it. 

Hydrogen  Flame. — Messrs.  Mallard  and  Le  Chatelier  pointed 
out  in  iS8i  the  delicate  indication  of  gas  given  by  a  hydrogen 
flame,  as  little  as  \  per  cent,  being  clearly  shown,  but  the  difiiciilty 
of  producing  an  apparatus  sufficiently  portable  to  be  workable  haa 
only  recently  been  overcome  by  the  researches  of  Prof.  F.  Clowes, • 
from  whose  paper  the  following  remarks  are  abstracted  : 

At  first  the  hydrogen  was  introduced  into  the  lamp  from  a 
small  cylinder  slung  by  a  strap  from  the  shoulder,  connection  with 
the  lamp  being  made  by  a  flexible  tube.  The  maximum  degree  of 
portability  is  now  secured  by  making  the  cylinder  of  small  dimen- 
sions and  arranging  that  it  may  be  quickly  attached  directly  to  tha 
lamp  BO  as  to  form  a  convenient  handle  for  supporting  it.  The 
cylinder  weighs  a  Uttle  over  a  pound,  and  when  charged  with 
hydrogen  under  a  pressure  of  loo  atmospheres  it  furnishes  a 
standard  flame  (lo  m,m.,  =0.4  inch,  high)  burning  continuously 
for  40  minutes.  The  cylinder  is  attached  to  and  detached  from  an 
ordinary  safety  lamp  instantaneously  by  a  quarter  turn.  The  new 
hydrogen-oil  lamp  presents  the  advantage  of  enabling  any  ordinary 
efficient  illuminating  safety  lamp  to  be  converted  in  the  simplest 
way  into  a  dehcate  gas  detector,  this  being  effected  without 
permanently  adding  to  its  weight,  the  hydrogen  supply  being 
attached  only  at  the  spot  where  delicate  tests  are  to  he  made. 

*  On  th»  Deltetian  and  BtlinvUion  of  Small  Proporlioiu  of  Fir«  Dainf, 
Rtroltum    Vapour,    and   other   Infiammabh    Oat   or    Vapour    to   tli*    Atr. 
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TW  »W»  ftoam^  <d  yiMng  frat  the  bright  oO „ 

hyingm  Bum,  Bulong  » teat  uhI  f»mnng  bnck  to  the  liimiiK» 
Akm,  MB  ba  eOBeted  in  ytmeenit. 

Tfcft  knp  «iD  paUUv  ba  nwd  as  foDnra :— If  the  pemntut 
«f  gM  ••  unknown,  tlw  oil  flune  wO]  first  be  ndoced,  uul  »  o^ 
lonked  for  ovtr  it.  If  tb«  ps  unooDts  to  3  per  e«at.,  w  mace, 
it  majT  be  detected  utd  cttuukted  bj  thia  Bmbo.  If  no  oap  is  *eai 
and  low  pernotaget  of  gac  h«TV  to  be  looked  for,  the  hvdKpiu 
eyliiuler  is  attached,  tlie  etaodard  byirofm  flaine  ofatajnod  in  Um 
knp,  and  the  peroeotap  of  ^u  cu  be  aeen  and  emintated  if  it 
is  between  0-3  and  3  per  cent. 

The  hTdrogeiwa]  lamp  folfik  the  primmxy  conditions  of  ui 
efficient  teetiog  ^ipantus:  it  is  ooovenient,  safe,  n  good  illumi- 
nant,  and  oombines  delicuy  with  aoearacf  and  with  n  wide  rann 
of  iodications. 
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CHAPTER    XITL 

WORKS    AT    SURFACE. 

loilere. — The  generation  of  eteam  at  a  colliety  is  a  point  of 
■«onsidenible  importance.  Not  so  ]oiig  ago  the  argument  was 
often  put  forth  that  coal  at  a  colliery  cost  nothing.  Certainly,  a 
quantity  of  unsaleable  mineral  is  produced,  but  this  bears  a  amal) 
proportion  to  the  totai  output.  When  labour  was  cheap,  little 
machinery  was  employed,  requiring  only  a  limited  quantity  oi 
Hteam,  The  tendency,  however,  at  the  present  day  is  to  do 
nothing  by  hand  that  can  be  performed  by  machinery,  and,  as  a 
result,  greatly  increased  quantitiee  of  steam  have  to  be  used ;  the 
ncinsumption  of  coal  has  coiTespondiugly  inci'eased,  and  in  addition 
to  the  portion  oC  unsaleable  produce,  the  better  quality  of  coal 
has  also  to  be  used.  In  consequence  of  tim,  fuel-saving 
appliances  are  becoming  quite  common ;  indeed,  many  of  the 
more  modem  collieries  are  as  well  designed  in  this  respect  as  any 
other  branch  of  engineering. 

Under  the  old  regime,  cylindrical  extei'ually  fixed  boilers  were 
invariably  applied,  and  a  great  deal  may  still  be  said  in  favour  of 
them.  They  certainly  do  not  raise  steam  economically,  but  to  a 
great  extent  this  failing  is  counterbalanced  by  their  low  cost  of 
Impairs,  and  the  facility  with  which  they  may  be  cleaned  from 
incrustation  resulting  from  bod  water.  This  is  the  chief  recom- 
mendation of  boilers  of  this  type,  and  where  the  water  is  very 
bad  they  cannot  be  surpas&ed. 

The  tendency  at  the  present  day  is  to  employ  high  pressure 
steam.  Its  advantages  are  numerous,  as  supejiority  in  economy 
is  not  its  only  recommendation.  Its  use  from  the  beginning 
materially  affects  the  capital  outlay  at  any  colliery.  If  instead  of 
using  50  lbs.  pressure,  150  lbs.  is  employed,  which  is  now  be- 
coming common,  not  only  is  the  size  of  every  engine  on  the  place 
less,  and  the  cost  also,  but  the  buildings  are  smaller,  the  size  of 
the  steam-pipes  is  reduced,  and  the  whole  in^^lation  can  b6 
made  more  compact. 

The  generation  of  high  pressure  steam  requires  tubular  boilers, 
of  which  there  are  numerous  types.    That  well-knovn  form 
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called  the  Lancashire  boiler,  wbioh  consista  of  a  criindrical  shell, 
having  two  longiludiual  tubes  running  the  entire  length,  may  be 
takan  as  the  type  upon  which  other  designs  are  based.  Two  fins 
are  employed,  one  in  the  front  end  of  each  Hue.  and  the  prodiKts 
of  conibubtion,  after  passing  through  the  boiler,  are  conveyed 
along  each  side,  and  finally  returned  beneath  the  bottom  to  the 
chimney. 

In  the  Galloway  boiler,  the  two  main  tubes  in  which  the  fires 
are  situated,  merge  into  one  of  elliptical  form,  in  which  are  placed 
taper  vertical  tubes,  the  circulation  of  water  and  heating  surface 
being  thereby  increased.  This  boiler  is  in  extensive  use,  and  for 
the  past  fifteen  years  has  stood  in  the  foremost  rank  as  an 
efficient  and  cheap  steam-producer. 

In  the  Arnold  boiler,  a  longitudinal  tube  extends  for  some 
di^'^tance  along  the  flue  behind  the  bridge,  and  connects  the  upper 
and  lower  pai'ts  of  the  boiler  through  the  flue.  The  introductioa 
of  this  tube  ia  claimed  to  increase  the  effective  heating  surface 
and  to  split  up  the  flame  of  the  heated  gases,  so  that  more  of 
their  heat  is  imparted  to  the  water.  Another  patented  feature  of 
this  boiler  is  the  barrel  shape  oE  the  rings  forming  the  flues. 
This  construction  gives  a  greater  area  of  heating  surface  than  the 
cylindrical  shape  and  more  strength. 

The  final  division  under  which  boilers  may  be  classed  is  that  of 
the  multitubular  or  locomotive  type,  in  which  a  series  of  small 
tubes  placed  longitudinally  are  arranged  within  the  shell,  but 
such  class  is  capable  of  further  subdivision.  In  one  type,  the  hot 
gases  pass  through  the  tubes,  which  are  surrounded  by  water; 
while  in  the  other,  the  tubes  are  full  of  water,  and  the  hot  gases 
circulate  on  the  outside.  In  the  tatter  tj-pe,  the  tubes  are  placed 
in  an  inclined  pcmition  and  are  connected  with  each  other  and  with  a 
horizontal  cylinder  by  vertical  pr.ssagea  at  each  end.  The  upper 
cyhnder  is  kept  half  full  of  water,  and  steam  forms  in  the 
remaining  portion.  Multitubular  boilers  have  not  received  much 
favour  at  collieries. 

All  high  pi-esauro  boilers  should  be  provided  with  two  safety 
valves,whicharebe&t  of  the  dead-weight  type,a  common  form  being 
shown  in  Fig.  414.  The  valve,  a,  which  is  ball-shaped,  is  attached 
by  brackets  to  a  cylinder,  b,  upon  which  a  number  of  weights,  c,  are 
threaded.  The  advantage  of  this  construction  is,  that  there  is  no 
fear  of  any  of  the  parts  rusting  and  sticking.  Instead  of  em- 
ploying only  one  set  of  weights,  sometimes  the  valves  are  arranged 
in  groups,  the  discharge  aperture  of  each  being  made  exactly  one 
square  inch  in  area. 

Economical  and  quick  generation  of  steam  is  considerably  assisted 
by  delivering  feed-water  into  the  boiler  as  hot  as  possible.  Tlie 
general  procedure  is  to  employ  the  eshaust  steam  to  supply  the 
necessary  heat.  At  E^t  Howie  Colliery,  Durhnm,  the  exhaust 
steam  ia  turned  into  an  old  boiler.     Cold  water  enters  at  the  top. 
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and  is  alloived  to  fall  on  to  a  series  of  homontal  trays  placed  one 
below  another  in  step  form.  The  feed-water  ia  heated  to  300°,  and 
is  then  forced  by  a  donkey  pump  into  the  boiler. 

Exhaust  injectors  are  becoming  largely  employed,  these,  aa  their 
name  implies,  iiae  exhaust  not  live  steam,  and  as  they  automaticaily 
commence  working  they  can  bo  used  with  intermittently  running 
engines.  The  practice  of  bringing  the  exhaust  steam  into  eontnct 
with  the  feed-water  is  open  to  the  objection  that  the  greater  part 
of  the  oil  and  grease  which  is  used  in  the  engines  is  carried  back 
into  the  boilers. 

To  overcome  this,  at  Abram  Colliery,  Lancashire,  the  arrangfr- 


FIS.  424. 


Fio.  4^5- 


I  ment  shown  in  Fig.  435  is  employed.  The  exhaust  ste.im  is  turned 
:  into  a  vertical  chiimber  which  is  in  free  communication  with  the 
atmosphere  through  an  opening  at  the  top.  Feed-water  enters 
near  the  bottom  through  a  pipe  and  is  forced  to  circulate  through 
n  spiral  tube,  and  on  reaching  the  upper  extremity  passes  by 
another  pipe  into  the  boilers.  The  exhaust  steam  which  is  in  con- 
tact with  the  outiiide  of  the  tube  heats  the  water  to  nearly  boiling 
point,  and  as  the  steam  has  free  passage  through  the  appliance,  no 
bock  pressure  is  put  on  the  engine. 

kUecbaaical  Stoking.* — Firing  by  hand  being  a  very  laborioua 
■  Consult  iladiine-itoking,  3.  ¥.  Spencer,  Inst.  O.E.  cW.  55. 
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operation,  numerous  attempts  haTe  been  made  to  supersede  it  by 
mechanical  means,  and  at  the  present  lime  many  sucoeesful  devires 
are  in  operation.  They  may  be  diWded  into  two  types — (a)  wbere 
the  fuel  is  fed  from  a  hopper  on  to  a  plate,  and  then  earned  far- 
ward  on  to  the  bars ;  (6)  where  the  coal  is  thrown  on  to  the  fire  in 
small  quajititiea  at  a  time,  by  either  a  emaJt  revolriog  fan  or  % 
shovel  moved  by  a  spring. 

It  may  now  be  regarded  that  the  claim  made  for  such  macliines 
of  usin^  an  inferior  class  of  cool  and  raising  steain  cheaper  ma; 
be  conceded.  With  them  the  £i'e  is  added  to  by  the  smallest 
<|uantitieK  at  a  time,  and  the  operation  is  perfectly  regular,  which 
can  never  tnke  place  with  hand  firing,  unless  one  man  is  kept  bi 
each  boiler.    A  saving  also  results  from  the  f»ct  that  the  £re  docn 
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are  rarely  if  ever  open.  Not  only  does  this  prevent  smoke,  bnt 
it  reduces  the  wenr  of  the  boiler,  as  cold  air  is  prevented  from 
getting  on  to  the  hot  plates. 

The  bars  in  both  types  of  stokers  are  movable,  ttsually  arranged 
to  all  move  forward  together,  to  carry  with  them  the  fire,  and 
to  return  by  ones  and  twos  at  a  time,  leaving  the  fire  behind,  but 
at  the  same  time  breaking  it  up.  In  this  way  the  fire  is  gradually 
carried  forward  into  the  boiler,  finally  dropping  over  the  bridge 
at  the  end  with  the  cool  wholly  consumed. 

A  mechanical  stoker  of  the  coking  class  is  shown  in  Figs.  426 
and  417.  A  trough,  A.  runs  across  the  front  of  the  boiler,  and 
the  slack  for  consumption  ia  placed  thei«.  The  projecting  ends 
of  the  movable  bai'S  form  the  bottom  of  the  trough,  and  as  they 
travel  forward  carry  with  them  a  certain  proportion  of  fuel  at 
each  stroke.  The  bajs  run  on  rollers,  r  r,  and  are  all  moved 
forward  some  3  in.  at  the  same  time  by  tappets,  I,  the  thickness 
of  the  layer  of  slock  carried  onward  being  regulated  by  the 
distance  between  the  bottom  of  the  trough  and  the  plate,  p,  which 
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a  be  eitlier  raised  or  lowered  by  revolving  the  wheel,  c.     The 

kck  passes  uodemeath  a  fire-brick  arch,  e,  which  is  red  hot,  and 
8  ignited  ;  the  bars  return  in  twos,  leaving  the  fire  where  it  naa 
n  to  by  the  forward  motion. 

This  operation  is  repeated  twice  a  minute,  or  as  ofteu  as  is 

kdeeired,  the  mte  being  so  arranged  that  when  the  chnrge  reaches 

(the  end  of  the  burs  complete  combustion  has  taken  place.     The 

ft-clinker  drops  off  at  the  end  of  the  bars,  and  when  fit  to  be  pulled 

out  is  removed  through  the  door,  d. 

Coal  Conveyors. ^Mecbanical  stokere  reduce  labour  to  a 
certain  extent,  They  take  off  cleaning  and  feeding  the  fires,  but 
still  require  manual  labour  to  fill  tbe  hoppers,  and  as  these  are 
usually  some  distance  above  the  ground  level,  their  feeding 
requires  considerable  labour,  as  the  coal  has  to  be  thrown  upwards 
to  ft  height  of  at  least  sis  feet.  The  advantagee  of  mechanical 
i^tokiug  are,  therefore,  not  fully  realised  unless  some  automatic 
means  are  provided  for  conveying  the  coal  into  the  hoppers,  and 
the  economy  is  still  more  marked  if,  at  the  same  time,  the  ashes 
are  also  conveyed  away  automatically.  The  latter  is  of  consider- 
able importance,  because  the  coal  employed  with  mechanical 
etokere  is  generally  of  a  far  inferior  character  to  that  used  with 
hand  firing,  and  conse- 
quently makes  a  larger  pro-  Fio.  428. 
portion  of  ashes,  this  being  |  L-^nC '"-"^^  ^ 
«3pec)Bjly  the  case  when  very 
inferior  qualities  are  burnt. 

An  arrangement  for  auto- 
matically conveying  the  coal 
and  removing  the  ashes,  ns 
adopted  at  a  large  colliery, 
is  shown  in  Fig.  428.  The 
coal,  after  being  freed  from 
all  large,  is  raised  by  a 
bucket  elevator,  or  Jacob's 
ladder,  and  delivered  on  to  a 

channel  formed  of  iron  plates,  in  the  bottom  of  which,  opposite  eaeh 
hopper  of  the  mechanical  stoker,  ai'e  fixed  sliding  doors,  which  are 
under  the  control  of  tbe  stoker,  who  can  open  and  shut  them  by 
means  of  suitably  arranged  levers.  Below  each  hole  is  a  reversible 
trap  which  either  directs  the  coal  into  the  shoot  going  to  the 
hoppers,  or  into  a  storage  bin,  Travelling  along  the  channel  is 
an  arrangement  known  as  a  "  conveyor,"  which  consists  of  a  series 
of  plates  fastened  at  )nt«rvals  to  a  chain  (Fig.  429).  As  tbe 
chain  moves  along,  the  coal  is  carried  forward  in  front  of  each 
semper,  and  passes  down  through  any  of  the  openings  which  are 
not  closed  by  the  sliding  doors,  and  thence  by  the  shoot  into  the 
feed  hoppers. 

A  culvert  with  a  similar  conveyor  running  in  it  is  arranged 
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along  the  front  of  the  boilera.  Tbe  ashes  are  raked  into^ 
culvert,  and  are  carried  along  by  the  creeper  to  the  end,  where 
they  fall  into  a  trough  and  are  raiseil  by  a  Jacob's  ladder  into  a 
truck,  and  then  pass  away  to  the  refuse  heap. 

Another  form  of  conveyor  consists  of  a  spinil  revolving  ia  a 
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semicircular  trough,  If  the  epirnl  is  made  strong  enough  the 
appliance  works  very  smoothly  and  gives  good  results  with  small 
particles,  but  unless  the  shaft  of  the  spiral  is  well  supported  by 
bearings,  it  has  a  tendency  to  "sag,"  and  soon  wears  oat  ths 
bottom  of  the  trough. 

Coating  Steam  Pipes. — To  prevent  condensation  and  loss  of 
heat  by  radiation,  boiler  houses  are  often  roofed  in,  not  perhaps 
BO  often  at  collieries  as  they  should  be.  The  pipes  conveying 
steam  to  the  different  engines 
should  also  be  protected  by  some 
external  covering.  A  very  good 
cheap  kind  is  to  bind  on  a  eeriffi 
of  rough  wood  bars  all  the  way 
round  the  pipes.  At  Mariemont, 
the  covering  employed  possesses 
the  adviuitt^e  of  being  movable. 
A  zinc  or  sheet-iron  tube  sur- 
rounds the  steam  pipe,  and  a  layer 
of  ashes  is  placed  between  (Fig- 
430).  These  tubes  are  made  in 
halves  with  a  hinge,  a,  at  one  si'le,  and  a  clasp,  b,  at  the  other. 

A  great  many  different  kinds  of  non-conducting  materials  for 
covering  steam  pipes  are  in  existence.  The  subject  has  been  moat 
carefully  gone  into  by  the  late  Mr.  W.  J.  Bird,  who  states  that  in 
an  actual  case  the  loss  of  steam  was  reduced  fron  12.16  per  cent, 
when  the  pipes  were  uncovered  to  1.86  per  cent,  with  covered 
pipes.  The  saving  is  increase<.l  by  increasing  the  thickness  of  the 
covering,  but  this  thickness  has  an  economical  limit.  It  may 
broadly  be  stated  that  tbe  great  majority  of  the  compositions 
give  very  satisfactory  results,  and  that  the  worst  of  them  is  bett«r 
than  nothing  at  all.  They  are  liable  to  deterioration  from  damp 
and  heat,  and  shouhl  be  protected  hj-  a  covering  of  tar ;  in  places 
where  the  covering  is  liable  to  receive  blows  it  is  further  protected 
by  a  layer  of  felt,  followed  on  the  outside  by  a  sheetiog  of  zinc. 
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WorksliDps. — As  the  great  majority  of  collieries  are  dtuated 
away  from  towns,  it  is  very  necessary  that  they  should  be  provided 
with  mechanics'  shops,  either  of  a  simple  or  elaborate  charact«r, 
depending  on  the  size  of  the  mine.  At  the  largest  collieries 
nearly  everything  ie  made  on  the  ground,  indeed,  in  many  cases, 
new  engines  are  built  there,  and  the  shops  rival  those  of 
engineering  establishments.  At  all  mines  a  certain  staff  of 
mechanics  have  to  be  retained  to  attend  to  breakages,  and  if 
good  men  are  to  be  kept,  they  must  have  regular  employment. 
It  is  far  better  to  do  repairs  on  the  spot  than  to  send  them  away, 
Not  only  is  time  saved,  but  the  cost  is  reduced,  as  urgency  work 
has  always  to  be  paid  for  at  increased  rates.  In  all  cases  a  small 
lathe  and  drilling  machine  should  be  put  down ;  in  the  smith's 
bhop,  the  fires  Khould  be  blown  by  fans,  and  a  steam  hammer 
erected,  this  tool  being  perhaps  the  most  useful  about  any 
colheiy. 

The  practice  of  building  and  repairing  railway  waggons  at  the 
mine  is  now  becoming  common,  and  elaborate  wood-working 
machinery  is  put  down  for  the  purpose.  Boring  and  morticing 
machines  and  band  saws  are  then  required,  but  in  all  cases  the 
introduction  of  wood-boring  machines  results  in  economy.  If 
pel-formed  by  hand,  the  operation  is  a  most  laborious  one,  while 
a  small  machine  with  revolving  auger  can  be  purchased  very 
cheaply. 

"  '        '    '  '■•    -  for  sleepers  or  for  props  and  burs. 
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For  sawing  timber, 
circular  saws  are  invariably 
put  down.  For  cross  cutting, 
these  are  either  fitted  to  a 
swinging  arm  and  drawn 
against  the  piece  of  timl>er 
placed  in  front,  or,  what  ia 
better  still,  the  arrangement 
shown  in  Fig.  431  is  adopted. 
Motion  is  given  to  the  belt- 
driven  pulley,  a,  fised  on  the 
shaft,  b,  in  which  a  long  key- 
way  is  cut,  and  through  bevel  gearing  a  movement  of  rotation  ia 
given  to  the  circular  saw,  e.  By  means  of  levers,  the  saw  can  be 
pulled  forward  by  the  attendant  in  the  direction  shown  by  the 
arrow,  cutting  through  the  timber  placed  before  it.  The  pulley, 
a,  remains  in  its  place,  but  the  key  shdes  in  the  long  key-way, 
and  the  shaft,  b,  continues  revolving. 
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CHAPTER    XIV. 

PREPARATION  OF  COAL  FOR  MARKET. 

Qeneral  ConBideratloiiB. — No  opewtion  connected  with  mining^ 
has  passed  through  greater  chaoges  during  the  past  few  rean 
than  that  of  cleaning  and  sorting  the  coa].  In  this  country  so 
many  good  coals  existed  that  a  ready  eale  was  found  for  them  in 
the  st&te  thej  came  from  the  mine.  Naturally  the  best  se^ms 
were  worked  first,  but  as  they  became  exliausted,  the  inferior 
qualities  had  to  be  mined.  It.  therefore,  became  Deoeaaaiy  not 
only  to  adopt  a  more  equal  division  into  sizes,  but  to  employ  some 
means  for  removing  the  impurities,  in  order  that  the  dirty  oo«l  ia 
its  clean  state  may  become  equal,  if  possible,  to  the  good  coal  in 
its  dirty  condition. 

The  trade  of  the  present  day  requires  a  more  careful  division 
into  sites  than  it  did  a  few  years  ago,  and  for  such  reason  the 
means  employed  to  obtain  such  division  have  become  much  more 
elaborate  and  made  to  perform  their  work  more  accurately.  The 
coal  coming  out  of  the  mine  has  first  to  be  emptied  on  to  a  screen, 
an  operation  which  is  performed  by  vnrious  machines  called 
"tipplers.''  After  passing  over  and  through  the  screen,  the 
mineral  is  received  on  travelling  bands  or  belts,  and  the  dirt 
picked  out  of  it  by  attendants.  It  passes  from  the  belts  into 
shoots  and  thence  to  waggons,  in  which  it  leaves  the  colliery. 

Ho  long  as  the  coal  ia  tiirge,  the  stones  and  dirt  mixed  with  it  can 
be  picked  out  fairly  easily,  but  in  the  smaller  qualities  where  the 
refuse  is  fine,  other  means  have  to  be  adopted,  either  dry  or  wet 
cleaning,  called  "wnshing."  Both  methods  depend  on  the  diSerent 
specific  gravities  of  dirt  and  coal.  In  the  former,  a  current  of  air 
is  directed  on  to  the  mised  material,  and  blows  the  lighter  ooal 
farther  than  the  heavier  refuse.  In  the  latter,  moving  water  is 
employed,  which  has  the  same  effect.  The  former  has  not  received 
&  very  extended  application,  but  the  latter  is  not  only  hu^dy 
employed,  but  in  becoming  more  and  more  used  every  day. 

Although  it  would  be  impossible  to  give  here  anything  like  a 
complete  description  of  the  many  varied  types  of  installations 
which  are  carried  out  in  different  countries  to  suit   different 
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conditioDB,  yet  the  main  featui'es  of  tlie  various  parts  of  the  appa- 
ratus used  for  coal  cleaning  will  be  iionsidered  uuder  their  respective 
heads,  aud  an  outline  given  of  the  way  several  plants  are  arranged. 

One  important  point  roust  be  dwelt  on  at  the  outset — viz.,  that 
it  is  impossible  to  force  the  trade  of  any  district  to  take  a  certain 
class  of  coal,  and  that  cleaoing  and  sorting  appliances  must  be 
put  down  at  each  colliery  to  guit  the  ti-ade  of  that  district. 
"What  is  acting  very  well  at  one  place  with  economical  results 
might  work  just  as  economically  at  another  place,  but  if  the 
sizes  and  qualities  made  are  not  suited  to  the  trade  of  the  second 
district,  the  result  of  its  application  would  be  a  failure.  Before, 
therefore,  adopting  anything,  it  is  essential  that  the  conditions 
under  which  it  is  working  should  be  compared  with  the  condi- 
tions under  which  it  will  have  to  work  in  its  new  situation. 

Circulation  of  Tubs. — As  soon  as  the  tubs  leave  the  cage  at 
the  surface,  they  have  to  be  conveyed  to  the  tipplers,  and,  after 
emptying,  returned  again  to  the  pit  mouth.  If  the  screens  are 
near  the  abaft,  the  heapstead  will  he  covered  Mith  iron  plat«> 
called  "  flat  sheets,"  upon  which  the  tubs  can  be  turned  about  in 
any  direction.  A  better  plan  is  to  lay  lines  of  rails  and  ensui-e 
movement  taking  place  in  definite  pnths.  The  tubs  can  then  he 
pushed,  or  the  rails  placed  at  such  an  inclination  that  the  tul>s 
gravitate  towards  the  discharging  place.  As  they  are  generally 
taken  ofi  the  cage  on  one  side,  and  put  on  it  again  from  the 
other,  if  it  is  downhill  to  the  tipplers,  it  must  he  uphill  going 
hack,  and  consequently  a  more  or  less  greater  expenditure  of 
hilx)ur  is  required  to  perform  the  haulage,  the  amount  dependiug 
on  the  size  and  weight  of  the  tubs. 

No  better  appliance  hitji  been  introduced  for  minimising  the 
cost  of  conveying  tubs  about  the  heapstead  than  that  known  as 
the  "  finger"  or  "creeper"  chain,  which  was  originally  designed  by 
a  Belgian  engineer.  It  consists  of  an  endle«s  chain  travelling 
under  the  tubs,  provided  at  intervals  ivith  vertical  projecting 
pieces  of  iron  (a  a,  Fig.  432)  fastened  to  the  links.  iTie  entire 
length  of  the  top  half  of  the  chain  rests  on  a  girder  of  wood,  6, 
ivhich  acts  both  as  a  support  and  guide.    It  is  driven  by  a  sprocket. 
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or  cogwheel,  the  teeth  of  wluch  have  a  pitch  equal  to  that  of  the 
chain.  When  a  tub  is  conducted  to  the  commencement  of  thiu 
chain,  the  first  passing  hook  seizes  the  axle  and  drags  on  the  tub, 
which  is  released  at  the  other  extremity. 

Such  apparatus  is  generally  an-anged  as  in  Fig.  433.     The  tuba 
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le&ve  tbe  cage  at  the  shaft,  and  aft«r  being  M'eighed  od  the 
machine  at  a,  gmvitata  to  the  tippler  at  b,  the  roa^  being  5uitabl<r 
inclined.  The  tippler  is  homontiJ,  aad  so  placed  that  the  tubs  stop 
on  arriving  there.  They  are  emptied,  and  then  pushed  on  bj  the 
next  following  tub,  and  proceed,  still  by  gravitation,  to  the  point 
e ;  the  road  here  JB,  therefore,  at  a  lower  level  than  the  pit  top. 
From  c  to  d  the  tubs  are  carried  along  by  a  creeper  chain,  the  roail 
rising  in  the  direction  they  travel,  until  at  d  the  level  of  the  nils 
in  at  such  a  h«ght  above  the  pit's  mouth  that  the  tubs  gr&vitate 
tliere  as  soon  ae  they  are  released  from  the  chain.  Any  desired 
variation  in  this  arrangement  can  be  made,  the  common  one  being 
that  instead  of  the  tulu  gravitating  to  the  tippler  they  are  lifted 
there  by  a  creeper,  and  then 
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gravitate  back  to  the  shaft. 
This  is  perhaps  the  prefemWe 
arrangement,  as  more  heiglit 
is  obtained  from  the  siireen- 
ing  levd  to  the  ground. 

In  some  coses  tbescreening 
establishment  is  not  at  tbe 
pit'smouth  but  farther  away, 
and  the  banking  level  is  it 
the  surface  of  the  ground.  If 
the  screens  are  any  distance 
away,  the  tubs  can  be  con- 
veyed there,  and  lifted  the 
required  height  by  any  of 
the  forms  of  haulage  which 
have  been  described,  bat 
instead  of  doing  this,  it  is 
common  to  raise  them  direct 
by  an  ordinary  steam  lift. 

With  a  steam  lift  for  it 
height  of,  say,  so  ft.,  the 
piston  would  have  to  be 
equally  long,  and  would  be- 
come not  only  costly  but 
expensive  to  work.  To  over- 
come this  difficulty  a  shorter 
piston  is  used,  but  the  piston 
rod  is  connected  through  a 
rope  to  a  small  wheel  keyed 
on  n  shnit,  on  which  a  laiger 
wheel  is  also  fixed  {Fig.  434)  To  the  latter  is  attached  one  end 
of  a  rope,  while  the  other  end  is  connected  to  a  cage  in  which  the 
tub  is  placed.  The  piston  travelling  a  short  distance,  hut  attached 
to  the  smaller  wheel,  raises  the  cage  a  much  greater  distance,  as 
this  is  connected  to  the  larger  diameter  wheel. 
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After  the  tubs  have  been  raised  this  height  they  can  gravitate 
back  to  the  shaft,  but  if  the  hurizontal  distance  is  small  they  attain 
too  high  a  velocity,  unless  their  progress  is  checked  by  some  means. 
Such  is  done  by  placing  wooden  planks  between  the  rails,  as  shown 
iu  Fig.  435;  and  as  the  tub  in  passing  over  has  to  depress  the  eud, 
a,  its  velocity  is  retarded.  These  planks  may  also  be  placed  t« 
engage  the  sides  of  the  tub. 

A  creeper  chaiu  aa  ordinarily  constructed  cannot  work  round  a 
curve.  At  Clifton  Colliery,  instead  of  employing  flat  links  as  is 
usual,  a  creeper  is  constructed  of  ordinary  round  iron  chain  and 
works  in  guides,  which  not  only  govern  the  direction  but  also  keep 
the  chain  down.  A  section  through  the  guide  is  given  in  Fig. 
436.     It  will  be  seen  that  only  enough  space  is  left  open  at  the 
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top  for  the  projecting  piece  to  work  through, 
something  of  this  kind  was  necessary,  as  the  chain  v 
going  out  of  an  ordinary  guide  open  at  the  top. 

TIFFXiEBS. — Three  classes  of  this  machine  &K  in  vogue — (a) 
thope  discharging  the  coal  forward ; 
(b)  where  the  tub  is  turned  back- 
warils  ;  and  (c)  where  the  discharge 
is  sideways. 

Front  Tipplers.— The  ordinary 
construction  is  shown  in  Fig.  437. 
The  tub  rum  on  and  is  locked  in 
position  by  the  hoop  part,  a,  which 
catches  over  the  axles.  The  machine 
is  pivoted  about  a  centre,  6;  when 
the  tub  is  full,  equilibrium  is  un- 
stable, and  the  machine  turns  round 
the  centre  point  in  the  direction 
indicated  by  the  arrow,  emptying    ■ 
out  the  cotil,  the  rate  of  turning    { 
being  regulated   by  a  brake.     As    \ 
Boon  as  the  coal  is  discharged,  the      ■_; 
centre  of  gravity  falls  below  the 
axis,  and  the  tippler  returns  to  its  former  pnsitioi 

The  disadvantage  of  this  class  is  the  distance  coals  have  to  fall 
on  to  the  screen,  occasioning  con-sidorable  breakage.  Seveial 
devices  are  in  use  for  minimising  such  objection.  In  Riggs'  tippler 
(Fig.  438)  the  front  is  enclosed  by  an  upright  plate  hinged  along 
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iU  upper  ride,  and  daring  the  revotution  tha  eottl  is  not  disduupd 
until  this  plat«  nearly  rests  on  the  screen  bats. 

At  Cowpen  Colliery,  Northumberland,"  a  ftUdipg  doo  ii 
provided  at  the  top  of  the  end  tipplerx  to  prevent  breakage  o( 
ecml  when  emptying.  Half  the  tippler  is  covered  in  mth  a  find 
plate  (a  b.  Fig.  439),  the  other  portion,  b  e,  sliding  on  tollm. 
When  the  tub  is  pushed  into  the  tippler,  the  whole  revoWeB  tkoai 
the  axi^  d,  and  no  Mnl  is  discharged  until  the  end,  e,  of  the 
eliding  door  drops  on  to  the  fixed  projecting  Ktop,  e,  vhich  pnsha 
it  open  in  the  direction  indicated  by  the  arrow.  The  opening  to 
made  is  xmall  at  the  commencement,  when  the  coals  hkve  to  be 
dropped  furthest,  and  reaches  it«  maxiinuia  when  the  tub  is  jiut 
above  the  screen  bars. 

Baok  Tipplori.— With  the  object  of  reducing  the  distMue 
through  which  the  coale  have  to  fall,  back  tipplers  were  deagoed. 
In  these,  the  tube  run  on  in  the  direction  of  the  arrow,  A  {Fig. 
440),  and  are  prevented  going  too  far  by  the  stop,  B.     By  a 
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movement  of  the  lever,  C,  the  cateh  keeping  tlie  tippler  in 
poeition  is  withdrawn,  and  revolution  takes  place  in  the  direction 
of  the  arrow  D,  the  speed  at  which  this  is  done  is  controlled  by  « 
etrnp  brake,  upon  which  pressure  is  exerted  in  the  direction  of  the 
arrow,  £,  ttad  during  the  revolution  the  tubs  are  kept  in  that 
proper  position  by  the  stop,  P  G  H,  consisting  of  two  Knks, 
F  U  and  O  H,  each  pivoted  near  its  centre.  As  soon  as  the 
contents  are  emptied,  the  tippler  returns  to  ita  proper  position, 
the  catch  is  put  on  by  the  lever,  C,  and  the  end,  F,  of  the  second 
stop  is  depressed  as  indicated  by  the  arrow,  thb  raising  the  end, 
H,  and  allowing  the  tub  to  be  removed. 

Side  Tipplers. — With  the  tipplers  just  described,  the  coal  on^ 
falls  a  short  distance  from  the  tub  on  to  the  screen,  and  breakage 
is  Email.  The  same  result  can  be  obtained  by  eliding  doors,  Ac., 
applied  to  forward  tipplers,  but  both  have  two  objections,  which 
are   serious    ones— ^i)   the  tub  has  to  leave  the  tippler  by  the 


*  Fed,  Inst,  i,  95. 


M 


Fio.  441. 


PREPARATION    OF   COAL    FOR   MARKET.       387 

fiame  path  as  it  went  in,  which  occasions  considerable  waste  of 
time;  (3)  the  discharge  of  coal  takes  place  from  the  end  of  the  tub, 
which  IB  comparatively  speaking  of  small  dimensions,  and  the 
tendency  is  to  deposit  the  coal  in  heaps  on  the  screen,  such  action 
being  unfavourable  to  perfect  removal  of  the  small. 

To  remove  these  disadvantages,  side  tipplers  have  been  designed. 
They  consist  of  two  circles  of  iron  con- 
nected togetJier,  resting  on  grooved  wheel 
bearings,  two  of  which  support  each  hoop 
(.\  A',  Kg.  441).  The  tubs  run  in  from 
one  side  of  the  appliance,  and  are  sup- 
pot-ted  in  their  inverte<l  position  by  two 
side  pieces,  B  B,  which  project  over  the 
nlieels.  The  revolution  can  either  be 
completed  or  return  in  the  same  r'irec- 
tion,  and  the  tub  can  either  be  pushed 
through  the  tippler  or  puUed  back  into 
the  place  it  originally  came  from. 

The  advantages  are,  that  if  the  tub  comes  out  at  the  opposite 
end  to  which  it  enters,  loss  of  time  in  manteuvring  is  avoided,  and 
as  the  tipping  takes  place  sideways  and  throughout  the  entire 
length  of  the  waggon,  the  cool  distributes  itself  equally  over  the 
whole  siirface  of  the  screen.  Tipping  is  easy,  because  when  the 
tippler  is  in  its  normal  position,  the  centre  of  gravity  is  above  the 
centre  of  rotation  when  the  waggon  is  full ;  whereas  it  is  below 
after  the  tipping.  Equilibrium  is  unstable  when  the  tub  is  full, 
but  stable  when  it  is  empty. 

A  circular  plate,  terminating  in  a  movable  platform  resting  on 
the  bars  of  the  screen,  prevents  the  coal  from  falling  during  the 
tipping,  and  conducte  it  without  shock  on  to  the  screen. 

When  these  tipplers  ai-e  revolved  by  hand  the  operation  ia 
rnther  slow,  and,  in  addition,  the  rough  unregulated  movements 
resiUting  from  handwork  are  prejudicial  to  the  preservation  of  the 
coal.  To  increase  the  efficiency,  side  tipplers  revolved  by  machinery 
are  now  used  in  the  majority  of  cases.  If  one  of  the  rollers 
supporting  the  tippler  be  made  to  engage  with  another  wheel 
keyed  on  to  a  shaft  which  is  constantly  revolving,  its  motion  is 
pommunicated  to  the  tippler,  which  commences  to  revolve  and 
discbarges  its  cont«nti«,  not  with  a  sudden  rush,  but  with  a  slow 
regulated  movement. 

The  two  wheels  can  be  connected  by  an  ordinary  friction  or 
cone  clutch,  which  is  thrown  in  and  out  of  gear  by  an  attendant. 
This  means  is  used  at  Harton  Colliery.  An  attendant  depresses 
a  foot  treadle  and  throws  the  clutch  gear  into  action.  When  the 
tippler  has  made  a  revolution,  be  moves  his  foot  and  disengages 
the  apparatus.  The  disadvantage  here  is  that  the  attendant  has 
to  remain  at  the  tippler  all  the  while  it  is  revolving,  as,  if  he  moves 
his  foot,  the  motion  stops. 
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Xt  Baaooup  CoUierj-,  ihtFt  iuwuvenieDoe  has  been  araided'  __ 
ftiioption  of  a  friction  coupling  arrangement,  represent^  in  Rg. 
44i,  which  makes  the  tipping  automatic.  Od  the  shaft,  a,  arrf- 
ioK  the  bearing  rollers  of  the  tippler,  is  keyed  a  friction  wheal,  i. 
uiH  a  eecood  friction  wheel,  tt,  is  also  keyed  upon  the  sliaft, e, iliii 
being  constantly  revolving  in  the  ilirection  indicated  by  theurtn. 
If  a  third  parasite  roller,  e,  is  put  iuto  contact  with  the  two  iim 
by  a  given  movement,  it  i^  clear  that  the  muvement  of  the  shtft, 
e,  will  be  transmitted  to  the  hoop  of  the  tippler,  which  will  tun 
in  the  direction  bhuwn  by  the  arrow.     Upon  the  skaft,/,  oppoatt 


B  of  the  hoops  of  the  tippler,  is  wedged  a  lever,  ff,  canying  « 
counterpoise,  h,  and  a  small  roller,  i,  the  latter  being  able  to  buid 
itself  in  a  mortise  cut  in  the  hoop,  and  prevent  the  tippler  fmm 
lUroing  wheu  in  its  normal  position.  The  lever,  j,  is  also  keved 
ipoD  the  as]e,y.  Tbia  is  double,  and  includes  the  bent  or  elbow 
ever,  k,  one  of  whose  branches  carries  the  counterpoise,  p.  This 
3ver  can  turn  upou  the  axle,  /,  by  slight  friction,  and  can  be 
raised  by  the  propping,  supporting,  screw  of  the  lever,  j.  The 
parasite  roller,  «,  is  bound  to  the  elbow,  k,  by  means  of  the  crank, 
I,  which  cannot  fall,  as  it  is  propped  at  m.  This  support  is 
necessary,  as  when  the  tippler  is  not  turning,  the  roller,  e,  does  not 
touch  the  wheel,  a.  The  counteqwiise,  h,  having  a  greater  weight 
than  the  counterpoise,  p,  will  niiiiiitain  it  (p)  raised  when  the 
small  wheel,  t,  is  in  the  notch  of  the  hoop,  and,  therefore,  the 
roller,  e,  will  not  touch  either  of  the  wheels,  b  or  d.  But,  on  the 
conti'ary,  if  the  counterpoise.  A,  is  raised,  the  lever,  k,  becomes 
free,  the  counterpoise  pushes  the  parasite  roller  upon  the  two 
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lion  wheels,  and  the  tippler  revolves.  The  counterpoise,  h,  is 
b  held  by  the  worknukn  who  conducts  the  lipping  during  the 
'  I  time  this  takes  place.  He  merely  raises  it  to  such  an 
int  that  the  little  wheel  comes  out  of  the  notch,  and  afterwards 
The  small  wheel  then  runs  over  the  hoop  until  it  again 
.  into  the  notch,  the  tippler  having  then  made  an  entire 
rolutioD. 

The  levers  are  placed  at  such  an  angle  in  their  normal  position 

bt  the  arm,  k,  is  free,  and  at  the  same  time  sufficient  friction  can 

6  obtuned  on  the  wheels  without  touching  the  regulating  screw 

Buie  lever,j,  so  that  wear  is  taken  up.     The  friction  wheels  are 

'  ^ed  BO  that  only  the  smallest  pressure  haa  to  be  exercised 

t  the  parasite  roller  to  cause  it  to  grip.     An  equally  small 

,  frees  it,  for  if  at  any  purt  the  V  grooves  of  the  vheel 
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coincide,  the  points  of  contact  change  constantly,  and  separatioii 
is  easily  made.  This  tidvnntage  does  not  exist  in  other  forma  of 
disengaging  apparatus. 

Duplex  Tippler. — Mr.  Henry  Fisher  haa  introduced  a  tippler 
at  Clifton  Colliery  by  menus  of  which  two  tubs  are  emptied  each 
revolution.  It  consists  of  two  duplicate  parts,  »  and  b  (Figs,  443 
and  444),  placed  diametrically  opposite  each  other,  and  both  carried 
by  the  central  shaft,  c,  journalled  in  bearings,  c'.  The  two  parts, 
a  and  b,  balance  each  other  in  all  positions,  but  when  a  loaded  tub, 
shown  at  d,  is  run  on  the  upper  part  the  weight  turns  the  tippler 
over,  empties  the  tub,  and  brings  the  lower  part  and  the  empty 
tub,  shown  at  e,  into  the  upper  position,  so  that  the  latter  may  be 
removed,  and  be  replaced  by  a  full  one. 

The  shaft,  c,  is  provided  with  a  brake  wheel,  y,  for  locking  the 
tippler  in  position  while  the  empty  tubs  are  being  replaced  by  full 
ones.     The  brake  band  is  actuated  by  the  lever,  g,  pivoted  at  ^, 
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matically  applies  tlie  bnke  "itj  the  action  of  ili« 
weight,  ^.  The  ouUr  end  of  the  lev-er,  rf,  is  ndsed  to  releue  tite 
brake  by  th«  lever,  h,  pivot«d  at  lU  centre,  o(mDect«il  at  one  of  in ' 
ende  to  the  lever,  y,  and  at  the  other  end  to  a  leverj.  The  knw , 
turns  about  a  centre  &t  one  eud,  while  the  other  id  r^nnected  to  m. 
foot  li'eadlo,  it.  which  can  be  depressed  by  tlie  attetiitunt. 

The  chief  Hdvantage  claimed  for  the  appliance  is  tlint  the  tpetA 
of  tipping  is  greater  than  with  machines  of  ordinary  constnictioii, 
KK  one  tub  is  emptied  for  eacli  half  revolution.  This  ad^'antoEn 
can  be  obtained  with  any  xide  tippler  by  coDstnirtiDg  it  to  hold 
two  tube,  end  to  end  ;  appliances  of  this  type  are  by  no  meaiiA  iid- 
I,  indeed,  at  the  No.  3  pit,  Lens  Colliery,  a  side  tippler  i»  la 
use  holding  four  tubs,  all  of  which  are  emptied  by  one  revolntion. 
A  disadvantage  of  the  machine,  as  at  present  constmcted,  is 
that  the  tubs  have  to  be  withdrawn  by  the  same  way  as  they  go 
on  to  the  tippler,  oocasioning  loss  of  time  in  manoeuvring.  Id 
addition,  the  revolution  is  efiect«d  by  the  weight  of  tbv  loaded 
tub,  and  is  more  or  less  a  rapid,  unregulated  one,  tending  more  to 
throja  the  coal  out  of  the  tub  than  to  empty  it.  Machine-drirea 
tipplers  are  certainly  preferable  with  tender  cool. 

The  latter  disadvantage  is,  to  a  great  extent,  removed  by  lui 
excellent  ari'angement  of  a  balance-^fxit.  The  upper  end  of  t!ie 
Hhoot  is  formed  of  transverse  aegmente  of  convenient  length.^ 
iit-ranged  so  thfit  their  inner  surfaces  form  a  curve  approxtmnting 
to  that  described  by  the  tippler.  The  two  segments,  /  and  m,  ju* 
carried  by  the  shafts,^  ana  r.  The  segment,  /,  is  counterweighteii 
by  the  weight,  p',  at  the  end  ot  the  lever,  o,  and  m  by  a  weight,  n, 
connected  w  a  chain  passing  over  the  pulley,  «.  By  the  action  of 
these  counterweights  the  segments,  I  and  m,  take  the  position  shown 
by  dotted  lines  at  t  and  ni'  when  they  carry  no  load.  When  th« 
tippler  in  overturned,  the  iwgmeuts,  I  and  m,  brenk  the  fall  of  th« 
load  until  this  overcomes  the  action  of  the  counterbalancing 
weights,  p'  and  n ;  the  segments  than  recede  from  the  tippler, 
and  permit  the  mineral  to  pass  down  the  shoot. 

SCBEBKS.— The  old  type  of  sci'een  consisted  of  a  number  of  bore 
placed  side  by  side,  at  equal  distances  apart,  at  such  an  inclination 
that  the  coal,  if  emptied  on  to  the  top  portions,  slides  down  the 
bars  to  the  lower  end,  and  during  its  passage  the  fine  is  removed. 
The  width  between  the  bars  depends  on  the  size  of  the  coal  to  be 
mode.  The  form  of  the  screen  bar  is  of  importance.  They  an 
often  made  of  ft  simple  rectangular  section,  but  bars  of  this  form 
iMiKsess  no  advantage,  They  soon  become  choked  up,  and  do  nothing 
to  direct  the  coal  into  the  apertures.  After  considerable  experieni'« 
the  section  shown  in  Fig.  445  has  been  adopted  at  Bascoup.  The 
top  of  each  bar  is  triangidar-ahaped  ;  the  two  sides  are  paiallel  for 
a  short  distance,  and  then  converge  towards  the  centm.  The 
triangular  ridge  on  the  top  directs  the  pieces  of  coal  into  the 
openings,  and  as  soon  as  any  piece  gets  a  short  distance  through 
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i  readily  falb  away,  for  the  space  between  the  bars  gradually  gets 
wider. 

If  large  quantities  are  to  be  dealt  with  on  ordinary  fised  bar 
screens,  the  screens  either  have  to  be  placed  at  a  high  inclination,  or 
increaj^d  in  number,  and  the  slope  made  less.  In  the  former 
case  separation  is  not  only  imperfect,  but  the  coal  travels  at  a 
high  velocity,  especially  towarda  the  bottom  of  the  screen,  with  the 


^. 


► 


FIQ.  445. 


Fig.  446. 


veault  that  it  is  not  only  broken  on  the  screen,  thereby  increas- 
ing small,  but  with  a  tender  coal,  a  further  breakage  results  in 
passing  into  the  waggons,  sometimes  producing  as  much  slack  a^ 
is  taken  out  by  the  screen.  The  velocity  may  be  either  reduced  by 
decreasing  the  inclination,  or  by  placing  movable  doors  at  certain 
points,  an  ordinary  form  of  this  being  shown  at  Fig.  446. 

The  effect  of  reducing  the  velocity  is  to  diminish  the  quantity 
passing  over  each  screen,  and  to  increase  the  cost  of  cleaning, 
because  a  larger  amount  of  labour  is  required  to  assist  the 
screening  by  raking  the  coal  over  the  bars.  For  such  I'easons 
screens  worked  by  mechanical  power  have  received  extended 
application  during  recent  years.  Either  thia  bars  may  be  movable, 
or  the  entire  screen  may  receive  a  reciprocating  motion, 

movable  Bar  Screens. — A  simple  but  effective  device  for 
increasing  the  sorting  capacity  of  liar  screens  is  that  adopted  at 
Brinsop  Hall  Colliery,  where  an  up-and-down  motion  is  obtained 
from  two  eccentrics,  having  a  throw  of  about  8  in.,  one  being  fixed 
on  e&ch  side  of  the  screen.  The  screen  consists  of  two  sets 
of  bars  arranged  alternately,  one  being  fixed,  and  the  other 
movable.  The  movable  bai-s  are  about  4  in.  longer  than  the 
fixed  ones,  and  while  the  top  ends  of  the  latter  are  bolted  to 
the  framework  of  the  screen,  the  former  are  fastened  to  a  cross- 
piece  of  iron,  the  ends  of  which  are  turned  and  rest  on  a  lever. 
This  lever  turns  about  a  centre  at  its  lower  end,  but  the  top 
portion  rests  on  the  eccentric,  so  that  during  the  revolution  cdi 
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Am    immUm.   tb*  fever    it    aibenml^y    nised    and    lowen^ 
odtm;  «ia  it  tb»  ncnmUe  bus. 

Rf.  447  abows  lite  amatgaaM. 
Ttu,  «c-  All  lite  lower  bars  u«  UiMded  «B 

t^  Bpnidle,  A,  the  fiz^  ones  na 
aeL-ofwd   at   B,   while    Uie   mOTsble 


1  tlie 

fewr,  D  R,  waiting  about  the  fixed 
€mtfK,  IK  Bj  tke  mtdieB  of  tlw  ecMBtnc,  P,  Um  moraUe  ban 
M*  iMM^  bat  calj  te  a  pnmrtkcwtc  extent,  as  tbe  bar,  C,  is 
fiaelaibaat  15  in.  ban  the  fvknuB  of  the  lerer. 
.  Tim  MOit  •ooeeMfd  MiecB  of  this  cJass  is  that  employed  mi 
latplj  <n  tke  Oonrinwat,  tlkB  dwigo  of  which  i^  due  to  Mr.  Briaii. 
In  H*  original  fona  it  tuwuiiiBrt  of  alternate  rovfi  of  fixed  and 
marMt  ban,  wUcli  when  at  rest  laj  in  the  Eame  plane.  All  tite 
■ovsUe  bn>  wm  fixed  in  a  framewot^  carried  at  its  lower  end 
hf  two  tffMika,  at  its  upper  extremity  b;  two  eec«iitrics  keyed  tm 
n  ibaf^  to  whkcb  a  rotaiy  mor^nent  is  givoK.  The  arrangiemeiit 
warn  ao  namliiiilnl  tbat  during  the  first  half  of  the  revoliitaon  of 
tbe  eeeoitric,  tlw  movable  ban  were  csrried  forward  abort  the 
fixed  ban,  while  in  tiie  latter  half  of  the  terolotion  the;  retumed 
Mmc  tbe  fixed  bars,  the  resoH  being  tluit  the  coid  whes  tipped 
BBtath8«UMMi  waa  lifted  by  the  movable  barsand  carried  forward 
a  diMMMT  eqnal  to  tbe  throw  of  the  ecoentric,  and  then  rested  oa 
tbe  fixed  ban  white  tbe  Utier  half  of  the  stroke  was  being  made. 

~    '  e  tbe  capacity  of  each  screen,  both  sets  of  bare  were 

)  moTwhle,  tiiis  beJDg  effected  by  driving  each  set  by 
1  keyed  on  shafts  180  degrees  apart,  with  the  result 
that  eadi  set  of  bars  not  only  moves  backwards  and  forwards,  but 
one  Eet  isaboTe  the  other  when  moving  forwai^,  and  below  when 
moving  back,  while  at  the  beginning  and  end  of  ench  forwnni 
motioa  they  are  level. 

Tlie  aereen  as  at  present  constructed  is  shown  in  Figs.  448,  449 
and  450,  which  are  respectively  a  side  elevation,  plan,  and  cross 
section  on  line  a  b  (Fig.  448).  It  consists  of  two  sets  of  bars,  A 
and  B,  threaded  on  shaftR,  D  D.  The  driving  shaft,  G,  is  cranked 
at  two  points,  and  two  links,  G  G,  are  provided,  one  being  con- 
nected to  bars,  A,  and  the  other  to  bai-s,  B.  These  links  are  ens- 
pended  at  the  far  end,  as  shown  in  Fig.  448.  Distance  shafts,  P, 
are  provided  for  the  purpose  of  keeping  the  driving  levers,  G,  pro- 
perly spaced,  and,  in  addition,  it  is  to  one  of  these  shafts  that  the 
central  bar  of  the  screen  is  wedged,  when  the  cODstniction  is  such 
that  the  distance  between  tbe  bars  is  capable  of  variation.  Fig. 
451,  which  is  a  reproduction  of  a  photograph  of  a  model,  clearly 
shows  the  two  sets  of  bars,  and  the  way  they  are  connected  to  the 
driving  levers. 

Tbe  great  advantages  of  tbe  Briart  t^crecn  are  :  that  it  may  be 
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plMMd  horiaoslal,  tliu  djinipishing  tbe  height  of  the  heapdaiil; 
bj  ngvhtiiig  tlw  cmed  of  tb«  driving  shaft  tbe  quantity  passing 
onr  tben  can  khn  b«  varied  within  certain  limits,  ms  the  co«l  ii 
hkftoI  fevumrds  dooUs  the  throw  of  the  eccentrics  for  each  rmo 
lotion  ;  -"""*'  kfaoor  ia  diminished;  in  addition,  as  the  barsluTe 
an  ap«iid-dowii  motion,  the  coal  is  shaken  throughout  ita  mas, 
and  parfeci  renond  of  the  small  is  obtained. 

lu  cmlj  disadTvntage  is  that  common  to  all  bar  screens — vii-, 
Ifaat  tl»e  laogttadinal  slits  between  the  bais  allow  long  thin  pieces 
of  ooal  ta  paaa  through,  and  such  perfect  sizing  is  not  obtained  as 
tagivao  bjr»  mon  made  of  wire  netting.  In  the  form  constructed 
IB  Ocnnanj  mwt  this  objection  has  been  removed,  as  the  bais, 
iostead  of  being  fonned  of  strips,  are  made  of  channel  iron,  having 
perforalioos  in  the  horiionUl  side.  At  Bascoup,  the  driviog 
eoeentries  niginaUj'  flmplojed  have  been  replac«d  by  elbows. 
wbkh  ahaorb  Iom  wm^c.  Thie  two  sjrstems  of  bars  are  mofable, 
and  driven  from  the  same  axle,  on  which  the  elbows  or  knees  are 
kej«d  diametrifellf  opposite  each  other.  Thi3  modification,  pre- 
viously employed  in  Oenuanj,  allows  the  stroke  to  be  diminished 
by  one^balf.  and  to  balance  one  qrstem  of  bars  by  the  other. 

Jigging  Scree  na — Reciprocating  screens  are  easily  and  cheaply 
niDstructed,  and  size  theooalverjcempletely.  They  consist  geoe 
rally  of  woven  iron  netting  carried  in  a  frame  and  suspended  froDi 
stays,  two  on  each  side.  A  rocking  motion  is  imputed  to  tba 
whole  structure  by  means  of  ercentrics  keyed  on  a  shaft,  which  is 
revolved  by  a  small  xteam  engine  (see  Fig.  478).  In  general  the 
direction  of  motion  ia  the  longway  of  the  screen,  bat  in  others  it 
is  sideways.  As  the  travel  of  the  eeal  is  assisted  by  the  shaking, 
a  jiggiog  screen  can  be  placed  at  a  smaller  inclination  than  a  fiied 
b^  screen,  but  the  slope  must  be  steeper  than  with  the  Briart 
screen.  Instead  of  wire  netting,  plat^  having  holes  pancbed 
through  them  are  used,  and  if  these  Loles  be  circular  instead  of 
square  the  sizing  is  perfect. 

Recently  Mr.  £.  B.  Cose*  has  designed  a  screen  which  receives 
a  gyratory  moUmi  similar  to  that  of  an  ordinary  hand  sieve.  The 
chief  problem  was  to  support  the  screen  in  snich  a  manner  that 
will  gyrate  easily  and  safely,  and  at  the  same  time  to  counter- 
balonoe  the  centnfugid  force  and  prevent  its  shaking  the  building. 
This  hae  been  done  successfully  by  a  method  which  consists 
tially  in  supporting  one  horiiontal  pUt«  upon  another  by 
of  three  or  more  double  cones  (Fig.  452),  while  the  motion  of  gyra- 
tion is  given  to  the  upper  plate  by  a  crank,  a,  upon  a  shaft  pass- 
ing through  and  joumalled  in  the  lower  plate.  The  cones  roll 
freely  in  a  prescribed  pnth  on  the  lower  plate,  while  the  upper 
plate  moves  upon  the  other  end  of  the  double  cone. 

These  cones  are  guided  in  various  ways,  but  whea  the  screeu 
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ran  at  high  speeds  there  is  a  tendency  iii  the  double  com 
fly  from  the  centre,  and  the  surface  in  Buch  case  on  which  the   * 


} that  the 
tendency 


cones  roll  is  made  conical,  e 
weight  of  the  screen  has  a 
to  force  the  coue  towards  the  centre, 
thus    counteracting  the  centrifugal 
force  to  a  gieat  eictent. 

Fig.  453  illustrnteK  the  appearance 
of  a  single  gyrating  screen.  Tlie 
lower  plate  of  Fig.  45 1  haa  hew  be- 
come a  boK  bed-plate,  and  the  upper 
plate  a  screen  box,  provided  with  a. 

number  of  trays,  one  above  the  other  and  inclined  as  .shown.  A 
pulley,  a,  is  fixed  to  the  shaft,  6,  above  which  ie  a  crank  driving 
the  screen  box. 

Revolving  Screens. — Iiistead  of  giving  the  screen  a  i-ecipro- 
cating  motion,  cylinders  i-evolving  about  an  axis  are  often 
employed.  If  the  openings  lietween  the  bars,  or  the  mesh,  if  the 
cylin<ter  is  of  wire  gauze,  vary  thiMugb  different  lengths  of  the 
cylinder,  several  sizes  can  ))e  made  on  one  of  thetu;  screens.  Tliey 
are  rarely  employed  for  large  conl  as  their  capacity  is  small,  only 
a.  few  inches  of  the  circumference  being  at  one  time  in  action. 
If  any  quantity  is  passed  through,  the  screen  becomes  over- 
crowded and  nets  like  an  elevator,  lifts  the  coal  a  part  of  the  way 
up  the  sides  and  throws  it  back  into  the  screen,  producing  a.  con- 
siderable amount  of  small.  For  separating  the  smallest  sizes,  as 
required  for  coal  washing,  such  screens  are,  however,  largely 
employed. 

Spiral  Screens. — In  the  coal  districts  of  Germany  a  spiral 
revolving  screen  is  used  with  success."  It  consists  of  a  long  strip 
of  plate,  perforated  throughout  its  length  with  holes  of  diflerent 
sL2e.-<.  This  strip  is  wound  into  a  spiral,  and  the  ends  closed  and 
mounted  on  a  shaft.  Their  diameter  Is  greater  than  their  length, 
in  some  cases  nearly  double,  and  screening  is  often  assisted  hy 
blows  from  a  wooden  hammer,  or  jerks  from  springs.  The  con- 
struction will  be  understood  from  Figs.  454  and  455. 
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The  coiU  to  be  separated  is  rlelivered  into  the  ceaixvl  \ 
which  U  &  cone-shaped  circle  larger  in  diameter  in  its  outer  eai, 
to  faci]itBt«  the  delirer;  of  the  larger  pieces  of  coal  which  do  not 
pOAs  through  the  first  series  of  holes.  The  coal  passing  through 
the  first  hole«  falls  into  the  second  divisioD,  z,  and  by  the  revola- 
tion  of  the  screen  is  separated,  the  pieces  too  large  to  pass  through 
the  second  series  of  holes  being  retained  upon  the  plate  Tintil  they 
reach  a  point  in  the  circumference  where  a  channel  receives  them, 
down  where  they  are  discharged  out  of  the  side  of  the  screen. 
The  coals  passing  through  the  holes  in  division  2  ar«  farther 
separated,  a  portion  passing  throngh  plate  3.  All,  however,  that 
3  on  this  plate  la  dischai^ed  when   the  point 


Figs.  454  *>■ 


opposite  the  channel  in  the  circumference.  The  same  prooe.<s 
goes  on  until  finally  all  the  remaining  coal  is  discharged  through 
plate  4. 

It  is  claimed  for  this  device  that  it  is  smaller  than  an  ordinary 
rewlving  screen,  that  the  space  occupied  is  less,  that  the  coal  is 
not  broken  nearly  so  much,  a  saving  of  from  6  to  7  per  cent, 
being  experienced  as  compared  with  old  types,  and  that  the 
screening  into  the  required  sizes  is  most  eflectively  done.  The 
speed  of  rotation  vai-ies  from  6  to  S  times  a  minute,  and  with  a 
screen  7  ft.  6  in.  diameter,  by  4  ft.  long,  50  tons  an  hour  can  be 
treated. 

Greenwell's  Soreen,— This  screen"  consists  of  a  number  of 
parallel  endless  chains  which  travel  between  angular  bars  of 
varying  Kections  suitable  for  the  size  of  coal  to  be  made,  and 
diminishing  from  the  top  of  the  screen.  The  bars  are  fixed,  but 
the  chain  travels  at  a  speed  of  70  feet  per  minute,  and  as  the  coal 
is  carried  forward  it  falls  between  the  chains  and  fixed  bars. 
The  dirt  is  picked  out  as  the  coal  tmvels  along.     Tlie  advanta 
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)  the  small  height  taken  u 


i  the  chains  are  level  thera 
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Varying  the  Sizea  made  by  Screens. — la  consequence  of 
the  exigencies  of  trade,  different  sizes  of  coals  are  often  required, 
and  such  change  cannot  be  made  exact  by  varying  the  apocea 
between  the  biLrs  or  altering  the  size  of  the  mesh.  With  wire 
netting  screens,  the  only  way  to  make  the  change  is  to  stop  the 
screen,  take  out  the  one  riddle  and  replace  it  by  another. 

Plating.— It  sometimes  happens  that  unscreened  coal  is  re- 
quired— that  is  to  Kay,  in  the  state  it  comes  from  the  mine,  with 
none  of  the  fine  removed.  In  such  cases  a.  method  of  "  plating  " 
the  screen  ia  employed.  At  Hilda  Colliery  this  is  done  by  &n 
arrangement  of  cranks,  a  b,  c  d 

(Fig.   456),  turning  about  cen-  Fig.  411G. 

tres,   a  and  c.     These   cranks 
support  a  plate   which, 
not  in  use,  stands  6  or  7 
above  the  screen   grating. 

these  cranks  are    turned,   i.___  __ 

plate  is  lowered  on  to  the  screen  "V  -Batx 

and  cloiies  up  all  the  openings. 

The  guides  for  the  plate  ore  curved,  aa  the  cranks  in  rising  or 
falling  necessarily  de.'icribe  the  arc  of  a  circle. 

Cotiibt. — With  the  ordinary  bar  screen,  if  one  size  is  being 
made  and  another  required,  the  screen  has  to  be  stopped,  and  the 
bars  piiUed  out  and  replaced  by  others.  To  render  this  operation 
easy,  the  burs  are  usually  threaded  in  a  kind  of  comb  which,  in 
Its  turn,  ia  dropped  into  and  held  in  position  by  a  shoe  on  each 
•nd.  To  alter  the  size  of  coal  being  made,  the  bars  are  lifted  out 
M  the  comb,  which  is  then  replaced  by  another  one  having 
openings  of  a  difl'erent  width,  into  which  the  bars  are  replaced. 

A  better  plan  than  this  is  that  of  employing  a  square  bar,  on 
each  side  of  which  is  attached  a  comb  having  difiereat  sized  slots. 
Here  to  make  an  alteration,  the  screen  bnrs  are  lifted  out,  and 
the    comb     bars  1 

turned  over  until 
the  proper-sized 
openings  are  up- 
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^m  openiE 

H      Inc 
^f  «circt 


In  other  places      '   "^    '  1 '"" 

ft  circular  piece  is 
cut  out  of  the 
end  of  each  bar 
which  rests  on  a 
drcular  shaft,  6  (Fig.  457)-     The  spaces  between  the  bars  are  kept 

Ki  washers,  a,  wliicfa  can  be  added  to  or  removed  quite 
!  of  these  washers  is  shown  enlarged  at  A. 
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FaKa&fa  Croat-hart. — All  the  ptvoediug  *TTKiigomenta  ponoi 

■IB«  obiMtioiiAble  pointa.     Not  onlj  is  there  a  consiilenUfl  Ion 

flf  tUDe,  but  in  putting   up   or  puUing  down,    the    bars  often 

hMMM    altcvad  &nd    g«t  bent  and  strained.     To   avoid   tbtse 

3M,  HoGan.  Ouinotte  and  Briart  have  designed  tlie 

(  roprewnted  in  Figs.  458-460,  by  means  of  which 

D  the  bars  can  be  inBUataneouidy  varied  without 

Tm  acraca  bars,  a  a  (E^gs.  458  and  459),  nre  carried  by  spindles, 

t  h,  llii— ilul  with  right-  and  left-band  acrews,  whicii  carry  (he 

w  BVte,  «  c,  having  threadH  cut  in  the  oppodte  directioD. 

Flee  458  A3ID  459. 


n«  dinctaoa  is  the  same  fco-  all  the  screws  and  nute  and  all  the 
■kVTM  an  ihivaded  on  the  shaft,  d  ci  mmon  to  the  n  halo  Kygtem 
^M*  Figi.  448-451),  the  two  being  connect«d  together  bv  the 
Iter,  «,  fitted  into  a  key-wny  running  along  the  whole  length  of 
the  shaft.  The  sleeves,  e  e,  are  othern-ise  free  ;  they  turn  with  the 
^ft,  hot  can  glide  longitudinally  upon  it.  If  the  shaft,  cf,  ia 
turiMd,  the  sleeves  and  spindles  rotate,  and  roneequently  the 
M«an>tion  of  two  consecutive  bare  will  augment  and  dimiuish 
anoding  to  the  direction  of  roUtien. 

If  one  of  thwe  nuts  is  bolted  .ipon  the  shaft,  the  bars  would 
W  diepUcvd  on  either  side  of  it,  in  nmonnts  proportional  to  their 
i6ea»n»  frotn  the  fixed  point,  or  the  same  thing  may  be  done  by 
SxiuoMfaar. 

FW.  460  shows  how  the  bars  are  eonnectod  amongst  themselves, 
and  itvden  clwr  how  the  same  relative  distance  is  retained  after 
«ir\inc  the  original  opening.  To  prevent  confusion,  the  two  sete 
of  !«»  ar»  .Inura  one  above  the  other.  Taking  the  upper  set 
lip.(  ihe  middle  bar,  A.  is  tr^'Igfd  in  the  centre  of  the  screen  as  it 
w  fcwid  to  th«  shaft,  E :  consequently,  when  the  shaft,  d  {Fig. 
jtSV  »  ivtatwl,  this  bar  dow  not  move,  and  the  nut,  h  (Fig.  45S), 
J!^,j„,  u(  (^  but  as  the  shaft  turns,  it  necessarily  follows  that 
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w,  e,  enters  the  nut,  while  at  the  same  time,  the  other  end 

Tew,  e,  entere  the  nut,  6  (Fig,  458),  of  Ecreen  bare,  B  (Fig. 

^60).     Afi  a  result,  bars  B  move  towards  A,  a  distance  douhU 

tat  due  to  the  pitch  of  the  screw.     That  is  to  say,  if  the  pitch  is 

■  inch,  and  the  shaft,  d  (Fig,  458),  make  one-fourth  of  a  revolution, 

mb  bars,  B  (Fig.  460),  will  move  a  total  distance  of  J  an  inch. 

These  bare,  however,  are  not  the  ones  nearest  to'  the  central 

»  those  of  the  lower  set,  D  D,  adjoin  A.     If  this  set  bo 

V  considered,  it  will  be  noticed  that,  inst«ad  of  a  bar  being 

Ixed,  the  screw,  e  (Fig.  458),  is  wedged  on  the  shaft  by  a  bolt,  C 

^g.  460),  passing  through  it.     Consequently,  when  the  shaft  is 

!)tated,  the  screw  turns  witli  it  and  travels  into  the  nuts  on  bars, 

3  D,  dragging  them  towards  the  centre.     Here  the  shaft  makes 


one-fourth  of  a  revolution  as  with  the  first  set,  and  as  the  screw 
only  works  into  the  nuts  on  each  side,  these  will  move  J  of  an 
inch,  and  bars  D  are  only  displaced  J  of  an  inch. 

Assuroing,  therefore,  that  the  original  distance  between  the 
bars  was  3  inches,  the  I'esult  of  turning  the  shaft  is  that  the 
centre  bar  of  the  screen.  A,  does  not  move,  but  that  the  bars,  D, 
immediately  adjoining  close  in  \  inch  each,  reducing  the  space 
between  the  bars  to  2  j  inches.  The  bars,  B,  which  are  the  next 
adjoining  ones  to  D,  were  originally  6  inches  from  A,  but  as  they 
move  i  an  inch,  are  now  ji  inches  away,  D  is  j J  inches  awny 
from  A,  and,  consequently,  z|  inches  away  fi'om  B.  Thus  the 
distance  between  the  bars  hns  been  altered  from  3  to  2J  inches. 

The  other  bars  of  each  set  move  towards  the  centre  in  amounts 
|CTOportional  to  their  distance  from  it.  The  frirther  they  ara 
away,  the  greater  is  their  motion,  as  they  are  dragged  a  distancs 


r 
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eqiud  to  the  sum  of  the  motion  of  all  the  right-  and  lett-hiuiil 

The  distance  between  tbe  bars  is  indicated  at  the  eKtremitf  if 
the  shaftfi  by  a  graduated  dial  With  the  aid  of  these  cross-faui^ 
without  stopping  the  vorldii^,  any  variatiou  in  size  required  for 
trade  purposes  can  be  readily  obtained,  within  the  liniita  allowed 
for  in  construction,  this  being  determined  beforehand,  and  as  the 
movement  is  performed  by  simply  pulling  a  lever  and  noting  i 
finger  on  a  dial,  any  workman  can  do  it. 

The  cost  is  high,  owing  to  careful  coostructioa  and  fitting; 
required,  but  thoi*  is  little  wear,  and  the  results  obtained  coin- 
pensate  for  the  additional  outlay. 

Belts. — After  separation  by  the  screen,  tho  vai-ious  sizes  of 
large  coal  are  received  upon  belts,  by  the  side  of  which  attendants 
are  stationed  to  pick  out  dirt  and  stones  with  which  the  coal  is 
associated.  The  length  of  tliese  belts  is  dependent  to  a  great 
extent  on  the  nature  of  the  coal  and  trade  of  the  district,  but  io 
all  cases  is  greater,  the  dirtier  the  coal.  In  tbe  Midlands,  where 
several  quohties  of  large  coal  are  made,  all  of  which  are  loaded 
together  down  the  mine,  it  was  at  one  time  the  common  practice 
to  wheel  each  tub  from  railway  waggon  to  waggon,  picking  out  the 
various  qualities.  This  practice  has  been  superseded  by  the 
employment  of  travelUng  belts.  All  the  coal  from  the  mine  is 
tipped  on  to  one  end  and  gradually  passes  in  front  of  a  raw  of 
attendants,  who  pick  out  the  qualities  required  for  the  trucks 
they  are  loading,  and  let  the  remainder  pass  by  to  be  taken  off 
further  on  by  other  attendants  loading  different  qualities.  To 
enable  many  waggons  to  be  loaded  at  one  time,  the  belts  are  made 
proportionately  long,  frequently  fi-om  200  to  300  ft. 

These  belts,  however,  are  more  for  sorting  the  coal  than  for 
cleaning  it.  For  the  latter  purpose,  even  with  tbe  dirtiest  seam^, 
they  rarely  exceed  60  or  70  ft.  The  width  of  the  belt  is  governed 
by  the  length  the  attendants  can  easily  reach.  If  they  are 
stationed  on  both  sides,  4  ft.  6  in.  is  a  common  width,  but  better 
results  are  perhaps  obtained  with  only  4  ft. 

Belts  may  be  constructed  in  several  different  ways.  The  form 
most  generally  in  use  consists  of  steel  plates  attached  to  an 
endless  chain.  These  chains  are  usually  made  of  alternate  single 
and  double  links,  which  ore  preferably  connected  to  the  plates 
forming  tbe  belt  by  being  bolted  to  angle-irons  which  are  riveted 
to  tbe  plates.  This  construction  allows  a  plate  to  be  taken  out  and 
replaced  without  cutting  any  rivet»<.  as  would  have  to  be  done  if 
the  links  of  the  chain  were  riveted  direct  to  the  plates. 

A  construction  largely  employed  in  Lancashire  is  to  rivet  pieces 
of  angle-iron  {a,  Figs.  461  and  462)  to  each  plate  and  to  bolt  the 
link,  b,  to  them.  The  links  of  one  plate  overlap  those  of  the  other, 
and  a  bolt,  e,  is  passed  from  the  huks  on  one  side  of  the  plate  to 
thoee  on  the  other,  thereby  forming  the  hinge  around  which  tbe 
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lates  turn,  when  they  arrive  at  the  driving  tumbler  or  sprocket*  j 

Irheel.    Sometimee  the  pktes  are  secured  to  the  driving  chain  bjr  a  J 
Kked  bolt,  which  passes  through  a  hole  in  the  links  and  is  secured   , 
D  the  top  of  the  plate  by  a  nut. 
These   belts  are   driven   by  tumblers  vhicb   have  their  n 
laped  to  engage  with  the  links.    This  system  of  driving,  with  any 
mge  load,  has  been   found   to   give  better  result-s   than   an. 
^nal  drum,  which  in  sometimes  employed.     Belts  may  either 


Fir.s.  ^61  J^ 


Fig.  463. 


-s 


be  driven  from  the  "  leading,"  or  "  following"  end,  both  of  which 

are  equally  efiicieut,  unless  the  load  carried  is  a  very  heavy  one; 

a^  the  "  following  "  end  is  more  conveniently  situated  to  the  motive 

power  they  are  usually  driven  from  it.     They  are  supported  at 

intervals  by  rollers  (a.  Fig.  463),  which  serve  the  double  purpose 

of  lesaentng  the  power  required  to  move  them 

and  of  preventingany8ag,and,as  an  additional  *~^''--  4*^- 

support,  the  edges  travel  in  an  angle-iron  elide,  ,  ru,tt> 

b.     To  psdoce  friction,  rollers  are  sometimes      ^T"^'"''  "" 

provided  at  the  sides  of  the  plates  (Fig.  464), 

these  running  in  the  angle-iron  guide  already  referred  to. 

To  readily  remove  the  dirt  picked  out  of  the  coal,  many  belts 
are  provided  with  a  partition  in  the  middle,  consisting  of  two 
angle-irooB  riveted  to  the  plate.  The  attendants  pick  out  the  dirt 
and  deposit  it  in  this  trough.  The  dirt  is  then  carried  along  with 
the  coal,  but  separate  from  it,  and  discharged  down  a  shoot  at  the 
end.  Where  this  b  employed, 

tlie   shoot  leading  from  the  B'lo.  465. 

screen  is  provided  with  a  V- 
guard,  which  prevents  the 
coal  passing  into  the  central 
trough,  and  directs  it  to  the 
two  sides  of  the  belt. 

For  delivering  coal    from 

belts  at  points  along  their  length  the  arrangement  shown  in  Fig, 

[  46s  is  applied  at  AHwarke  Main  Colliery.     A  roller,  a,  is  placed 

tgonally  across  the  belt  at  any  point  where  delivery  is  required 


\    Shoot  J 


p 
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and  Rw«epM  vff  the  etmi  into  the  shoot.     Thix   ruller  travela  in 

ipiidee,  ttnd  can  be  raised  and  lowered  to  give  intermittent  detivei^. 

Many  materials,  such  as  hemp,  wire  rope^,  4c.,  have  been  vbU 

in  the  construction  of  picking  belts,  but  h^ve  not  received  mndt 

favour.     In  Lancashire,  belts  constracted  of  ivoven  wire  oeUiii^ 

are  largely  employed  and  poaoooa  one  marked  advajitage,  as  tbc; 

rid  the  coal  from  any  fine  which  has  not  been   removed  dtmng 

the  ftiasage  over  the  screen.     Some  coals  b±n 

Pio.  4G6.  small  pieces  of  dirt  adhering  to  them,  and  the!« 

have  to  be  chipped  off  by  the  attendants.    A 

(luantity  of    sniall  is  produced    which,  if  solid 

belt*  are  employed,    is  carried    away  with  the 

large  coal,  but  if    wire  gauze  ones  are  in  un, 

the  ttmall  pieceo  fall  through  and  a  ui")™  etfident 

separation  results.     These  belts  are  built  up  in 

pcvenil  ways;  a  conuoon  form  is  shown  in  Fig. 

obviously  unsuitable  for  carrying  the  smaller 

(jimlities,  for  which  plate-beltfl  can  only  l)e  used. 

Bevolving  Tablea.^To  ecoiiomiae  the  Lirge  amount  of  space 
occupied  by  cleaning  belts,  circular  picking- tables  are  often 
employed.  They  generally  consist  of  a  horizontal  circular  plat« 
revolving  about  a  verUcal  axis.  The  centre  part  of  the  plate  is 
made  higher  than  the  circumference  where  the  coal  is  deUvered. 
All  the  dirt  picked  out  ia  thrown  on  to  this  shelf  near  the  centre 
and  removed  from  time  to  time,  while  the  coal  is  discharged  ftt 
any  convenient  point  by  a  scraper. 

An  improved  arrangement,  designed  by  Mr.  Wm.  Haydock,Miii 

use  at  Abmm  Colliery,  where  a  mi3tture  of  oal  and  cannel  hac  to 

be  very  carefully  sorted.     A   cireulir 

KiuB.  467  Alio  46S.  table(^A,  Ftg8.467and468),bkeyedon 

^Y  ^  vertioal  shaft  driven  by  bevelled  gear- 

-* — ^ll  ,  ing,  and  in  the  centre  is  a  raised  pla^ 

.  .«»~i^  J,  ■•*  form,  or  hoes,  C,  upon  which  the  picked 

I  '  -^        -■ — '  material   is  placed  by  hand.     Curved 

scrapers  (E  and  F,  Fig.  468),  working 

on  hinges  at  the  drcumfei-ence,  are  [vo- 

vided,and  these  direct  the  ijualities  made 

into   their  respective  shoots ;    D  is  a 

Kciiiper  (which  can  be  moved  up  and 

down    by  an    overhead    lever,    H)   on 

the   raised     portion,   and    is    used    to 

turn    the    materi.il    off    this    part   on 

to   the  table.     The  mixed   coal  and   cannel   is  delivered  on  to 

the  edge  of  the  tAble  by  the  screen,  B,  and  the  material  which 

ocelli's  in  the  smallest  quantity  is  picked  out  and  deposited  on  the 

raised  platform,  0,  that  is  to  say,  if  coal  and  cannel  are  being 

sorted  and  coal  predominates,  then  the  cannel  will  be  picked  out. 

The  table  revolves  and  brings  the  material  up  against  the  scraper. 
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L  E,  which  eweepa  it  off  into  the  shout,  o^  shown  by  the  lirr 
E  The  c&Duel  on  the  raised  platform  is  Ewept  ott'  by  the  scraper,  D, 
KAat]<lirected  into  its  proper  tthoot  by  the  hinge,  F.  The  tables  are 
3  ft.  to  15  ft.  in  diametei',  and  make  about  i^  i-evolutionu  per 
K  minute.  If  a  oannei  truck  is  not  in  positiot)  under  the  sboot,  thia 
J  mineral  can  be  Allowed  to  accumulate  on  the  platform,  0,  by  ■ 
■ftisiiig  the  scraper,  D.  I 

Iioading  SbootB,— When  the  coal  reachps  the  end  of  the  belt, 

t  is  directed  down  a  shoot  into  a  waggon,     These  shoots,  if  fixed, 

Eliave  to  be  placed  at  such  on  incliimtion  that  the  ooal  readUy 

1  slides  down  them,  and  towards  the  end  it  attains  considerable 

velocity,   dashing  violently  ioto   the   bottom  of  the  truck  and 

oiuBiDg  considei-able  breakage.     With  a  tender  coal  this  becomes  ^ 


Fia.  469. 


I 

I 


a  seiious  matt«r,  iUid  numerous 
attempts  have  been  made  to  mini- 
mise the  damage. 

A  common  procedure  on  the  Con- 
tinent is  to  make  the  shoot  a  series 
of  plates,  which  tnivel  along  ns  a 
belt ;  indeed,  it  may  be  considei-ed 
a  belt,  but  instead  of  the  plates  being 
flat,  each  one  is  of  angle  form.  The 
vertical  ridges  effectually  prevent 
the  coal  slipping  (Fig.  469).  Each 
lumpiKgraduiillytiikeii  down  the  slope  and  deposited  in  the  truck. 
The  leading  end  is  carried  by  a  movable  jib,  and  can  be  nised  or 
lowered  to  suit  the  height  of  coal  in  the  waggon. 

An  ingenious  coal-lowering  apparatus  haa  been  introduced  by 
Mr.  C.  Soar.*  It  consists  of  a  series  of  hinged  shelves  (a. 
Fig.  470),  bolted  to  pitch  chains,  which  are  driven  in  the  direction 
shown  by  the  arrows  by  an  endless  driving  chain,  shown  by  the 
dotted  line,  e,  actiiated  from  the  drum-shaft  of  the  picking  band. 

•  Fed.  Inst.  i.  i8j. 
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nt  Mjoh  s  sqieed  lliot,  as  the  belt  delivers  the  ooal  from  its  ecd,  a 
nhell  ia  alwB^  in  a  proper  poHition  to  receive  it.  The  top  shaft,  *, 
wui-ks  ill  two  travel  blocks,  3,  which  travel  up  and  down  betwetm  the 
fixed  guide  bnre,  6.  The  whole  appnrittTis  can  be  raised  or  lowered, 
and  held  iu  any  powtion,  by  a  rope  attached  to  a  winch.  The 
coal  hna  uo  greater  distance  to  fall  when  the  truck  is  empty  tban 
when  full,  aud  is  put  down  as  if  by  hand. 

All  excellent  loading  nhoot  is  employed  at  Ba^oup,  It  can  be 
turned  about  its  point  of  suppoi-t  and  lengthened  or  ahortenod  at 
will  by  menus  of  a  suitable  arrangement.  The  part  a  (Fi^.  471), 
can  slide  in  the  part  b.  A  oounterpoiae,  e,  whose  chain  is  fixed  to 
the  part  a,  balances  the  entire  ehoot  when  at  its  minimum  lengtL 
The    variation  of  the  length  is  mode  by  a   small   windlus^  rf, 


Fiu.  471. 


mounted  nl  the  extremity  of  the  piu't  a,  and  whoia  chain  is 
fastened  to  the  end  of  the  jmrt  h.  A  second  windluj^a  tixed  to  it 
allows  the  hopper  to  be  rused  or  lowered  at  will ;  the  chain  of  the 
windlna;),  whith  causes  the  ]>Bi't  a  to  enter  the  part  b,  stretches 
the  chain  of  the  windlass,  d,  thus  making  the  whole  perfectly 
rigid.  A  movable  nose,/,  also  allows  a  discharge  at  two  points 
of  the  axis  of  the  hopper  without  displacing  it;  this  nose  has 
another  rOle,  playing  the  part  of  a  t-toppor  and  regulating  the 


With  the  aid  of  this  telescopic  sfboot,  the  coal  can  be  directed  on 
to  any  part  of  a  waggon's  auifuee,  practically  without  any  drop. 
Not  only  does  this  save  expense,  one  man  doing  the  work,  but  the 
most  tender  coal  can  be  loaded  without  breakage.  It  is  necessary 
that  the  shoot  should  be  kept  full  of  material. 

TYPICAL  ILIilTSTRATZONS.  —  Having  described  the 
different  ports  of  a  screening  establishment,  .a  description  of  several 
ariTaugemente  as  applied  at  collieries  is  gives  to  illustrate  the  way 
they  are  combined  amongst  themselves.     To  a  certain  extent,  any 
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i  arrangement  can  be  mnde,  the  one  tvdopted  depending,  as 

i  been  before  remarked,  upon  the  conditions  locally  existing  at 
Rhe  colliery,  the  amount  to  be  treated,  and  the  quantity  and  niiture 
f  the  refnse. 

Pemberton  Colliery.— ^The  screens  here  have  fixed  bars.  All 
'  6  tubs  are  tipped  on  to  the  fiiBt  one,  which  i-emoves  the  slack, 

&  falling  into  a  hopper.  All  tliat  passes  ot'erthi^  screen  is  con- 
■  vejed  by  a  shoot  on  to  a  travelling  wire  picking  belt.  During 
the  passage  of  the  coal  along  tlie  belt,  any  dirt  is  removed  by  hand- 
picking,  and  any  tine  particles  wliich  have  escaped  falling  through 
the  firat  screen  pass  through  the  opening  in  this  wire  belt,  and 
fall  into  a  tixnigb  with  sloping  sides,  in  the  bottom  of  whicli  is  an 
endless  screw,  which  by  its  revolutions  carries  the  slack  into  its 
proper  hopper 
(Fig.  472).  The 
ronnd  coal,  on 
reaching  the  end 
of  the  picking  belt, 
falls  on  to  a  se- 
cond screen,  which 
separates  it  into 
two  qualities ;  the 
larger  size  passing 
over  the  screen  I 
drops  at  once  into 
a  railway  waggon,  whilp  the  cobbles  which  puns  through  thin 
screen  fall  on  to  a  travelling  l>elt  made  of  iron  plates,  and  are 
conveyed  to  another  ti'iick.  The  nn-ows  indicate  the  direction 
which  the  coal  takes. 

Brinsop  HaU  Colliery. — At  the  Arley  Mine  Pit,  the  coal, 
after  passing  over  a  screen,  is  carried  along  by  a  steel-wire  picking 
belt,  16  ft.  long  by  4  ft.  wide,  and  having  a  mesli  \\  in.  by  \  in. 
To  do  away  with  the  disadvantage  of  (ixeit  screens,  the  lower  por- 
tion of  the  bars  are  made  movable  by  the  arrangement  already 
described.  The  screen  is  divided  into  two  portions  by  a  movjible 
plate,  about  14  iiichcK  broad,  working  on  a  hinge  at  ite  up|>er 
end.  By  means  of  the  hinged  plate,  the  coal  can  be  steadied 
on  to  the  bars,  and,  in  addition,  a  vertical  rake-stop  b  provided 
for  the  same  purpose.  The  bill's  above  this  plate  have  an  inclina- 
tion of  14J  in.  to  the  yard,  wbilc  that  of  the  lower  ones  is  ig.V  in. 
to  the  yard. 

Running  the  entire  length  of  the  picking  belt  and  on  both  sides, 
M'e  fixed  two  planks  OD  which  the  chipping  is  done;  all  the  slack 
pro<luced  by  this  operation  falls  thk-ough  the  wire  meshes  and 
pa^^^es  down  a  shoot  into  the  sinck  ^^'aggo^.  At  the  end  of  the  belt 
a  second  screen  is  fixed  with  Imis  about  4  in.  apart,  which  takea 
out  the  cobbles,  the  remainder  passing  into  the  coal  tnicks. 

All  the  dii-t  and  inferior  coiil  is  pick'^l  off  the  wii'c  belt  and 
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UHtnm  on  to  Kaothv  bmreUinj  bait  mrintny  hy  tbe  side  of  Ui« 
ftmt«aetalKi<rt  ao  ft.  «»y.  but  pbeed  «t  s  di^tly  higher ucUih- 
lioB.  Kg.  473  abowB  BO  •Ivratun  of  the  «actre  insf  llrtion.  wkB» 
KK'  474  gi^  •  cra»-afctton  of  tb«  vnn^m«ot  of  tli«  bette. 
ThM  diirt  balta  >u«  formed  of  oM  dkt  st«e!  -vine  ropee  Ijing  ode 
bjr  ad*,  and  u«  about  13  in.  broad  and  37  ft.  loo^.     Aaj  good 


rta-  4Ti. 


coal  iachipMd  off  and  thrown  down  a>hoot  od  to  the  second  maio 
■eraen,  whde  the  dirt  and  inferior  ooaJ  pa«»  00  to  the  end  whwe 
tbay  ar*  dirided,  the  foraer  beiog  diiecAed  down  n  side  shoot  into 
tabs,  while  the  latter  fM&<«  over  the  eod  into  land  sale  carts. 


Bild>  Colliery. — This  oolliery  is  situated  in  the  centre  of  a 
tovn,  and  the  arnuigemenl  of  tlit-  lieagistead  atTords  a  fine  illustn- 
tion  of  whkt  can  be  done  in  a  oou&ne'l  »iiace  if  required.  On  leav-- 
in|[  the  caige  the  tnba  gra\-itate  to  a  turntable  {a.  Fig.  475).  ""^ 
ran  either  be  pniiatotl  to  two  tipplei«  uteii  for  land  sale  ;  to  n  third 
TVttd.  if  dirt  or  reiuse;  or  to  a  fourth  road,  if  for  the  screens,  where 
thpv  ate  caught  by  a  a-eeper  and  lifted  up  to  such  a  height  tbat 
when  relMsed  they  run  by  gr»^'ity  on  to  the  weighing  machine, 
where  they  are  automatically  arrested  by  an  arrangement  abowo 
in  Fig.  476.  A  tod,  «  6  c,  is  slung  from  ft  convenient  place,  a, 
tbe  end,  e,  being  kept  in  position  by  its  own  weight  and  prevented 
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falliDg  to  the  RTOuntl  by  the  collar,  d,  on  the  vertical  loil.  A  tub 
is  shown  held  in  position  on  the  weighing  macliine,  Tlie  next  tub 
coming  in  the  direction 

indicated  by  the  arww,  Co   ^,5, 

strikeB  the  rod  near  the 
point,  6,  lind  a»  it  pro- 
<'«eds  down  the  iixih 
lifta  up  the  end,  c,  and 
leleasOH  the  tii'st  tub. 
An  Boon,  however.  H3  the 
back  end  of  the  tub 
jiasses  the  point,  6.  the 
link  drops  down  and 
locks  the  tub,  keeping 
it  on  the  machine  until 
the  succeeding  tub  re- 
leases it. 

After  the  tubs  are 
weighed  they  run  1 
a.  machine-driven 
tippler  and  are 
cbcirged,  thence 
ceeding  to  a  second 
table  (6,  Fig.  475),  and  being  turned  through  a  right  angle;  thence 
to  the  shaft.  The  whole  area  of  the  flat  sheets  is  about  60  ft.  by 
45  ft.,  a  being  about  iS  ft.  away  from  the  pit,  and  b  about  15  ft. 

After  being  tipped,  the  coal  is  received  into  a  regulating  hopper, 
and  thence  pasiiea  on  to  a  wire-gauze  jigging-Hcreen,  in  which  three 
gftuzesare superimposed  one  above  the  other  (Fig.  477).  The  first 
taicea  out  large  coal  and  delivere  it  on  to  a  picking  belt ;  the  second, 
which  has  a  mesh  |  inch  square,  sepai-ates  nuts,  which  are  delivered 
on  to  a  small  cross-belt,  and  from  thence  to  a  picking-belt  running 
parallel  with  the  main  belt;  while  the  third  gauze  separates  the 
remainder  into  peas  and  duff,  or  fine.  By  an  arrangement  of  traps, 
the  nuts  and  peas  can  be  remixed  and  loaded  as  one  class  of  coal, 
and  the  peas  and  duff  as  another,  or,  if  I'equired,  all  three  can  be 
combined;  in  addition,  the  t«p  screen  can  be  plated  and  unscreened 
coal  made  and  loaded  at  the  far  end  of  the  main  belt,  a  revei-i^ibla 
trap  being  provided  there  for  euch  purpose. 

Placing  the  screens  one  below  the  other,  without  any  shoots  to 
conduct  the  material  passing  through  one  screen  on  to  the  head  of 
the  screen  immediately  below,  saves  an  amount  of  vertical  space ; 
but  tlie  savtiog  cannot  be  so  accurate  »n  is  desirable,  as  the  conl 
which  falls  through  near  tlie  base  of  the  top  screen  scarcely  pa^^ses 
over  the  next  screen  at  all,  but  at  once  goes  to  its  shoot.  If  all 
the  coal  has  to  be  delivered  to  the  top  of  each  screen,  the  bitnking 
l^^'el  must  be  a  considerable  height  above  the  ground,  but  to  over- 
come this  disadvantage  a  common  practice  in  the  Yorkshire  cool- 
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fifld  is  to  convey  the  coal  bxaa  the  base  of  one  ecreen  to  f 
of  the  next  one  by  means  of  ooDveyors  Bimilar  to  those  a 
dracribed. 

Hewlett  Fit. — At  the  No.  a  shaft  two  separate  shaking  sereets 
luv  fixed.  The  general  arrangement  will  be  seen  from  Fig.  4;K. 
The  con]  is  tipped  on  to  the  firet  screen,  to  which  a  rocking  motion 
is  imparted  l^  means  of  an  eccentric  and  rod,  e,  the  screen  being 
HiiBpesded  by  fonr  arme,  two  of  which  are  sliown  at  a  6  and  ^  b'. 
This  first  screen  is  fixed  at  an  inclination  of  14  in.  to  the  ^ard, 
anil  the  meshes  are  1  in.  squftre.  The  round  coal  paasing  over  it 
falls  on  to  a  wire  picking  belt  fixed  in  the  same  line  as  the  soeeA 


Fig.  47S. 


vvkere  the  best  (merohante')  cool  in  picked  ofi,  the  cobbles  pasang 
over  the  end  into  a  truck.  All  the  mnterinl  passing  through  the 
first  screen  is  conveyed  by  a  shoot  to  the  head  of  a  second  screen, 
suspended  hy  the  ai-ms,  c  d,  e'  d',  which  also  receive  a  reciprocating 
motion  by  an  Jirm,/,  and  e<?<:entric  keyed  on  the  same  shaft  aa 
the  first  one.  The  meshes  here  aiv  k  in.  sqiiai-e,  and  the  mineral 
i<i  divided  into  nuts  and  slack. 

Aniobe  CoUier?,  Franoe.^Ouly  one  tippler  is  used,  tbia 
lieitig  a  machine  driven  side-tip  one,  nnd  alt  the  coal  is  turned 
on  to  a  Briart  sci'e«n,  placed  on  a  small  inclination.  The  large 
coal  passing  over  this  screen  is  conveyed  down  a  shoot  on  to  a 
travelling  hempen  picking  belt,  No.  i,  which  cairies  it  to  a  rail- 
way truck.  During  its  passage  there  the  conl  is  eoi-ted  by  hand 
into  two  isizes,  part  being  placed  on  the  No.  3  belt  (Figs.  479 
and  480). 

All  the  coal  passing  through  the  screen  with  oscillating  bars 
fails  on  to  a  jigging-screen  (No.  i),  worked  from  an  eccentric  in 
the  ordinary  manner;  this  screen  is  fixed  at  right  angles  to  the 
tiist  one,  and  the  motion  is  sideways.     All  the  coal  passing  over 
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u  to  belt  No.  3 ;  nil  that  folia  through  dropa  on  to  a 

jigger   fixed   immediately    below    the  first,  and  esiLctly 

r  to  it,  except  that  the  holee  are  emaUer.     The  smiJI  cool 

«  through,  falls  on  to  a  belt,  and  is  at  once  conveyed  to  the 

rucks ;  the  larger  cool  posses  over  the  screen  and  drops  on  to  a 

ravelling  belt.  No,  4,  which  nins  parallel  to  No.  3,  and  at  right 

Bgles  to  the  screen. 

1  The  coal  from  the  fii-st  Khaker-Brreeo  is  taken  by   the  belt 

ctly  to  a  waggon,  but  that  from  the  second  screen  after  being 

d  along  on  its  picking  belt,  fall»  on  to  another  belt  iit  right 

:,  and  iij  conveyed  to  it«  proper  waggon. 

L  noticeable  feature  about  all  the  jigging-screens  which  the 

hor  has  seen  on  the  Continent,  is  the  fact  that  tbey  are  made 

E  perforated  sheet  iron  with  circular  holes,  no  wire  netting, 


Figs.  479  ^"^  480. 


«tber  with  square  or  cii^ular  holes,  having  been  met  with.  Tb« 
Mlvantage  of  circular  holea  seems  t«  be  that  only  the  proper 
axed  particlee  can  pass  tbroxigh  ;  with  square  holes,  the  diagonal 
line  is  longer  than  the  sides,  and  larger  pieces  than  the  square 
of  the  mesh  can  fall  through. 

No.  6  Pit,  Baacoup.^The  collierie.s  oF  Mm-iemont  anil 
Bascoup  possess  very  complete  screening- plants,  which  allow  the 
ditTerent  kinds  of  tx>al  to  be  easily  separated  and  classi^ed.  That 
at  No.  5  Fit,  Bascoup,  is  the  most  recent  and  complete  one.  It  is  ' 
shown  in  plan  and  sectional  elevation  in  Figs.  481  and  482,  The 
former  is  to  scale,  while  the  latt«r,  for  the  sake  of  clearness,  is  a 
diagrammatic  represeoUttioii.  The  screens,  picking  belt£,  &c., 
Are  ntuated  in  a  building,  142  feet  in  length,  and  92  feet  in 
width,  placed  in  the  axis  of  the  pit  frame.  The  building  comprises 
tliree  levels  or  stages.  ( 1st)  The  upjier  floor  is  used  entirely  for 
the  haulage  of  full  and  empty  tubs,  and  inulines  towards  the 
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I  " 

^^m  ^im^Smg  Atik,  i»  w  to  iBw  tfaa  w»ggoa»  to  retarn  ttitn  hj 

^H  yay.    (iBd)  IW  imi—irlbii  aNy  is  bariaootal :  it  b  it 

^B  «h*  ta«ri  tti«  tte  hi  liig  (MtJBg  oTtfaa  eoftl.  Ac)  w  don*  mnI 

^H  li«ri  m  AMMf  iHr.    TW  frai^  n»da  an  not  bonmiUl, 

^H  gJwJirw  y  rUi  •»  **  t^r^  n^r.—Am  ■om  m  tU  tab   I 

^M  ^M«ff  tt*ci^M.lk7am  pniU  on  to  on*  ol  tha  foor  win    i 

^H  I^VV  4S>V  M^oMdactad  by  >  ublmi  Aaia  to  the  top  of  u    ' 

^M  cvTC  '-   h-f-  Am  tifflar.     At  tkb  point  Um   tabs  tliMDgivt 

^H  aat*Brad  Tokntj,  vkkfc  is  mj  fwHa,  hiHnnr,  «od  ptutlj-  <^  tb* 


m.  4S1. 
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■etiaa  of  tfcv  own  ««i^t.  Tlie  hei^t  of  th»  incline  is  At^tr- 
waami  sxparuMniUly,  to  tiatt  Um  vaAgon  stops  00  uTi^-ing  at  tbe 
tifflar,  h,  Blirh  BtKcaeiHng  tab  pu&tee  av&y  the  one  tlut  luu 
JMt  bow  iptJad.  The  empty  tubs  gnntAte  down  the  raads, «, 
to  tbe  rau  of  tbe  ohkft  At  d.  The  direction  of  motion  is  bLowo 
\j  ttwairowB. 

Svtm'  »mJtims  Tm  Sit«t. — The  two  groups  of  appantos,  Noe.  j 
mm!  4,  OHbe  two  sues,  ]arge  &nd  "  fotd-reiuinf."  From  the 
tippler,  i,  the  oud  hlk  opon  ^  Bri&rt  ecreens,  «,  inclined  at  10'; 
tlM  Wn  RmI  remaining  upon  the  sieve  i^asses  into  the  hopper,  /, 
iiialiaed  mt  31*,  (ram  which  it  is  conducteii  to  the  loading  ptiu». 
Tbe  OOtl  piniBng  tbroogh  the  screen  ii^  received  upon  a  tihaking 
■boot,  f,  whjcb  thrcnra  it  upon  two  revalviog  picking  tAblee,  h, 
wbera  tbe  dirt  is  removed  ;  the  coal  falls  into  a  loading  hopper. 

Smm*  MitNf  Five  ClamJiixUumt.~Tbe  two  groups  of 
kpparatws  Noe.  1  and  2,  are  much  more  complete  than  those  just 
deambed.     Thej-   mdte  five  sixes:    Urge,  " ffaiiUlerief.  gatUelijit, 
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^KCM  de  inoineaux," "  and  fine.     From  the  tippler,  b,  the  coal  is 

B    Mnptied  on  to  the  first  Biiurt  f^creen,  i,  inctiued  at  lo*;  tbia 

»     rotaine  the  large  con!,  which  passes  into  the  hopper,  /,  where  it 

:      unites  with  that  furnished  by  Nos.  3  and  4.     That  which  p;isaes 

through  the  M^'eens  is,  received  upon  a  shaking  nlioot,  k,  inclined 

it  15°,  which  lefldfi  the  coal  to  the  commencement  of  n  second 

Briart  horizontal  screen,  I.     The  " gailltteriea"  which  puss  orer 

the  flcreen  are  pushed  on  to  the  cleauing  belt,  j,  and  carried  into 

the  loading  hoppers,  from  which  they  are  put  into  triicka.     All 

the  coal  passing  through  the  second  sieve,  I,  falls  down  a  shoot 

and  is  lifted  by  a  bucket  elevator,  vi,  and  delivered  on  to  the 

third  scretai,  n,     ThiE  is  horizontal,  and  I'etains  the  " gaiUeting" 

which   then   go  to  the  belt,   0,    by  means  of   which  they  are 

conducted  into  a  loading  hopper  in  the  same  way  as  "  gaiiltUriea.'' 

The  same  hopper  also  receii-es  the  gatllelim  furnished  by  the 


taking 


other  screen  of  thi^  group.  Finally,  a  fourth  i 
ceivee  that  which  falls  through  the  third,  by  the  aid  of  h 
table,  q.  The  "  lltts  de  ■oioineaux,"  which  pass  ( 
received  on  n  cleaning  l>elt,  r,  and  conducted  to  the  centre  of  the 
work -shed,  where  they  can  either  be  loaded  in  a  truck  or  sent 
back  a^'ttin  by  a  necond  belt  towards  the  sci-een,  and  mixed  with 
the  fine  after  it  has  Imhui  waahed,  the  course  adopted  depending  on 
the  liemands  of  trade. 

The  Rne,  which  passes  the  four  screens,  falls  into  the  hopper,  s, 
from  which  it  can  either  be  loaded  directly  into  trucks  by  a  shoot, 
or  sent  to  the  washer  by  means  of  the  conveyor  and  bucket 
elevators,  u  and  v,  which  deliver  it  on  to  a  reciprocating  table, 
where  a  further  sizing  takes  place,  to  be  described  lat«r  on.  The 
tine,  instead  of  being  transpoi-ted  by  belts,  and  loaded  at  a  central 
spot,  like  the  gailhteriea,  ijaiUetina,  and  teUs  <le  »iOE7»aiMr,  ia 
either  loaded  into  n  waggon  at  the  place  where  it  is  separated,  or  if  1 
destined  for  the  washent,  ta  sent  there  dii'ect  by  belts,  ia:.,  from 
group  No.  I.  No.  2  group-can  also  send  its  Sne  to  the  washers, . 
but  as  it  is  rather  removed  from  them,  the  small  coal  is  taken  by 
a  belt  to  the  bucket-elevator  of  the  first  group. 

*  Aa  it  !■  impoflblB  to  icive  I.liese  sizes  in  tlieir 
technical  n 
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Watlkfry. — All  tlie  ooal  destined  for  the  washeiy,  aft«r  being 
lifMd  by  the  hurkeV«lev&tor,  ia  delivered  ujiod  a  reciproutiiif; 
btbli^  iocmed  of  ti  i>eries  of  perfomted  iron  plates,  arraiiged  aw 
below  tlw  otber,  which  subdivide  it  into  the  following  sises:  iaSk 
from  o  Ui  5  mm.,  and  graioe,  from  5  to  11,  fi-om  11  to  16,  and 
from  16  to  35  uini.  Each  of  these  four  sisea  ia  wtished  sep&iatclj 
in  A  manner  similar  to  that  described  subsequeatly.  The  two 
former  in  felst«r  washers  of  the  Coppee  system,  and  the  t»n 
Utter  in  the  nut-washers  of  the  s&me  firm.  The  thrc«  oiet, 
5  lo  ti,  II  to  16, and  16  to  35  mm.,  are  mixed  together a^ain 
after  washing,  and  sold,     .\bout  40  umts  per  hour  can  be  trealal 

Cross  Creek  CoUieries,  PennsylTama. — Anthracite  coil 
oaunot  be  sold  in  the  state  that  it  comes  from  the  mine. 
Owing  lo  its  compact  nature,  and  the  practical  absence  of 
Tolatile  matters  in  iu  compoalion,  it  will  not  bum  well  unlea 
the  lamps  aie  nearly  of  a  uniform  eiie,  and  are  free  frcm  dost 
The  method  of  preparing  anthracite  coal  for  the  market  is  there- 
fore entirely  different  from  that  adcipted  with  bituminous  varieties. 
Unjfonn  and  varied  sizing  is  essential,  in  order  that  when  tie 
lumps  an  burnt  the  air  may  have  a  free  passage  between  them. 
In  addition,  laxge  amouutfi  of  slaty  or  argillaceous  coal  and  car- 
bcnaoaous  shale  are  intimately  mixed  with  the  pure  coal,  aod 
cannot  besepaiated  by  hand-picking;  it  is  also  generally  impossible 
to  sM  all  the  large  coal  as  it  comoB  from  the  mine.  For  then 
naaons,  machinery  has  to  be  employed  to  break  up  the  larger 
pieoea. 

Hie  mere  ret^eiit  and  elaborate  machinery  employed  in  Penn- 
Bjlvanin,  has  been  admirably  described  by  Mr.  E.  B,  Coxe,*  but  at 
his  memoir  coirers  77  pages  of  printed  matter  and  is  illustrated  by 
43  plates,  it  is  impossible  to  give  anything  but  the  briefest  sum- 
mary hero. 

The  coal  is  first  tipped  cm  to  a  fixed  bar  screen,  which  allowi 
most  of  the  small  coal  to  pass  through.  The  lai'ge  coal  passeci  by 
shoots  on  to  a  movable  bar  screen,  and  all  the  small  that  falls 
through  is  jcaned  to  that  obtained  from  the  fixed  bar  screen.  Up 
to  this  Btage,  practically  only  two  sorts  nj-e  made,  each  of  wbkii 
is  treated  sepiu'iktely.  Thelunip  coal  is  then  divided  into  three 
sorts,  the  first  being  the  shale  and  state,  which  goes  to  the  diit 
heap ;  the  second  is  pm-e  coal,  which  is  sold  as  lump-coal,  if  th«e 
if  nny  market  for  it ;  the  third  prochic.t  consists  of  pieces  of  coal 
and  shale  adhering  to  each  other,  nnd  is  too  impure  to  go  to 
market  in  its  existing  condition.  Sometimes  the  shale  can  be 
chipped  off  with  a  pick,  but  moi-e  genei-ally  the  mixture  cannot 
be  cleaned  in  this  way,  and  has  to  be  put  through  a  set  of  crush- 
ing itiDs.  and  then  treated  in  gyrating  screens,  and  the  dirt  picked 
out.     The  pure  coal  also  pa^es  through  rolls,  and  ia  afterwards 
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se|>arated  on  gyrating  screens,  into  ROTOral  eizea  or  qualities, 
8itiiila.r  to  those  mentioned  below. 

Ail  the  coal  that  hae  pofsed  through  the  Ssed  and  movable 
bar  screens  is  conveyed  to  two  ecreena,  each  of  which  make  tliree 
sizes,  called  "steamboat,"  "broken,"'  and  "egg."  The  smaller 
coal  passes  to  nnother  pair  of  screens,  known  as  the  atove  or  wet 
screens  (A),  which  are  situated  a  little  lower  down.  The  steam- 
boat coal  From  both  screens  passes  into  a  picking- ahoot,  and  from 
thence  to  a  loading-shoot,  provided  all  the  steamboat  coal  can  l>e 
sold.  If  it  cannot,  a  portion  is  passed  through  a  set  of  rolls,  and 
separated  by  screens  into  "broken,"  "  egg,"  "atove,"  "chestniit," 
"pea,"  buckwheat  No.  i,  No.  i,  and  No.  3,  and  dust. 

All  the  coal  which  goea  to  the  stove  or  wet  screens  (A),  is 
divided  there  into  stove,  chestnut,  pea,  and  No,  r,  2,  and  3  buck- 
wheat, and  alime.  These  screens  are  worked  wet — i.e.,  a  large 
amount  of  water  is  put  on  them,  as  the  coal  they  treat  contains 
mud  and  other  impurities,  and  in  order  to  make  a  good  separa- 
tion it  is  necessary  to  wash  it.  In  addition,  all  the  wet  coal 
from  this  screen  is  cleaned  in  jigging  coal-washers. 

The  movable  bar  screens  are  a  modification  of  the  Briart 
screen,  arranged  so  that  the  bora  only  move  up  and  down  half 
afl  much  as  they  move  forward.  With  this  construction  the 
coaj,  although  fed  forward  with  rapidity,  is  not  thrown  up  and 
down  so  much.  The  gyrating  .■screens  were  designed  by  Mr,  Goxe, 
and  have  l)een  previously  described. 

The  rolls  employed  for  breaking  the  cool  differ  in  one  point 
from  those  generally  adopted.  The  difference  is  in  the  form  of 
the  teeth.  The  roUs  used  are  known  as  corrugated  rolls,  and  the 
teeth  are  continuous  from  one  end  to  the  other.  There  are  no 
points.  The  end  of  the  tooth  is  slightly  rounded,  and  the  part 
doing  the  work  is  cast  in  chills,  so  as  to  give  greater  endurance. 
It  is  claimed  that  this  type  of  roll  breaks  a  lump  of  coal  into  two 
pieces  of  nearly  the  same  size,  while  with  rolls  of  ordinary  con- 
struction the  pointed  teeth  break  the  coal  in  much  the  same  way 
as  the  stroke  of  a  pick  would  do ;  that  is,  the  lines  of  fracture 
radiate  approximately  from  the  point  where  the  tooth  strikes  the 
lump  of  coal.  Experience  baa  also  shown  that  separate  rolls 
should  be  employed  to  break  the  coal  into  ditferent  sizes,  as 
although  all  sizes  below  the  size  which  is  being  brokea  are  always 
made,  yet  the  most  economical  method  is  to  break  any  size  as 
nearly  as  possible  into  the  size  immediately  below  it.  In  other 
words,  it  is  more  economical  to  bi'eak  "  lump  "  into  "  steamer," 
then  break  "  Steamer "  as  far  as  possible  into  "  broken,"  the 
"  broken  "  into  "  egg,"  and  so  on  ;  of  course,  at  each  time  elimi- 
nating all  the  coal  below  the  size  that  you  wish  to  break,  before 
passing  that  size  through  the  mUe. 

Automatic  shale-pickers  are  used  in  some  parts  of  the  estab- 
lishment.    They  depend  for  their  action  on  the  fact  that  while 
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the  roal  generally  breaks  into  cubical  masses,  the  pwcte  of  ^lub 
of  the  same  length  and  width  are  of  much  lees  thirlrnnw  UeMt, 
if  a  quantity  cf  shnle  and  coal  which  has  beeo  [wssed  thnnefa  l 
Moreen  and  properly  sized,  the  shale,  if  placed  edgewiw,  woiU 
drop  through  a  slit  over  which  the  co&t  would  p«s8. 

COAL  WASHING.— Below  a  certain  size  it  is  imponble  to 
pk'k  out  the  dirt  mixed  with  coal,  and  recourse  has  to  be  in»dett 
wa^Jiing,  for  which  a  lai'ge  variety  of  machinee  have  been  ieafoii. 
Their  principle  and  action  ue  sintilnr  in  av^ty  respect  tn  tixv 
employed  for  ore  dressing,  but  here  it  is  the  lighter  mnterinl  tki 
is  valuable.  The  theory  of  the  subject  is  that  bodies  (if  diSrtnt 
upefifie  gravities  fall  through  water  at  difierenl  velodtiM,  ti* 
heavier  more  (juickly  than  tlie  lighter,  that  is  to  nay,  if  bcith  piwH 
are  of  approximately  tbe  Rame  axe;  because  it  is  obvious  that  alvgH 
piece  of  a  lighter  material  meeta  with  as  much  nsist&nce  in  pa* 
ing  through  water  as  a  small  piece  of  a  heavier  material,  for 
Hucb  i¥fltion  a  preliminary  stKing  should  always  take  place  befan 
washing. 

Sising  Apparatus. — The  small  coal  which  passes  through  lb 
last  screen  is  generally  further  subdivided,  either  hy  m^m  d 
revolving  deves  or  trommels  or  reciprocating  tables.  The  hUm, 
perhaps,  do  the  work  better,  but  are  not  so  convenient, 
cannot  be  employed ;  with  trommels  a  stream  of  water  ia  iittr* 
duced  nad  materially  assist*  the  operation.  The  disadrantag*  J 
a  trommel  huviog  a  mesb  of  vnryiug  aiie  ie  that  all  the  nuunil 
ha«  to  pass  over  that  part  of  the  ^reen  which  has  the  fine»<t  ne^ 
an'l  consequently  the  wear  is  considerable,  hut  with  such  a  aoft 
wibstance  as  co«l  this  objection  ie  not  very  serious.  It  hag  bMi 
found  that  revolving  screens  require  patching  in  the  email  (/■•<) 
poitions  about  every  year;  their  general  life  ia  Bomewhere  from 
live  to  seven  years,  except  when  there  is  much  salphur  present. 

Revolving  screens  are  unsuitedforaeparatingsiEeKbelowitiidi: 
and  an  apparatus  which  retains  its  German  name,  "SpUskatteH,'' 
is  employed.  It  consists  of  a  series  of  pyramidal  buxe^i,  upon  wttctt 
sloping  »dcs  no  material  can  settle.  Bach  box  is  larger  thao  tin 
previous  one.  On  entering  the  first  tivugh,  the  speed  of  ttf 
water  containing  the  material  in  suspension  ie  checked,  tbe  pv- 
tic'IcK  of  larger  size  settle  down  a  little,  and  eHcajte  the  vehNJ^ 
of  the  current,  so  that  they  soon  reach  the  bottom  of  the  trou^ 

The  number  of  boxes  determines  the  number  of  aiies  made.  A 
stop-cock  is  provided  at  the  bottom  of  each  box,  through  wbidi 
the  deposit  can  l>e  swept  out  at  any  time  by  opening  the  tap;  tlii< 
device  avoids  any  necesKity  for  inten'upting  the  main  flow. 

Trough  Washers. — The  first  type  of  washer  consisted  of  » 
trough,  prorided  with  a  series  of  vertical  stops,  which  prevsnt  ll« 
coal  and  dirt  passing  on  (Figs.  483  and  484}.  At  the  point  iriKn 
the  coal  is  washed  the  supplying  channel  is  divided  into  t 
into  each  of  these  divisions  the  stream  of  unwashed  oo&l  can 
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ted  at  pleatnire.     As  n 


e  trough  is  full,  the  dirly  coal 


fc=z 


ksd  wat«r  is  directed  into  the  other,  oud  a  current  of  clean  water 
iamed  into  the  first  trough,  while  at  the  same  time  the  depoaita 
)f  coftl  which  have  acciimu- 

ated  against  the  stops,  a  a,  Fica,  483  and 

ire  agitated  by  the  attend- 
ints  with  rakes,  with  the 
i-esult  that  the  lighter  eoal 
is  carried  over  the  obstruc- 
tim,  while  the  dirt  (pj'ritcs 
principally),  being  of  higher 
«pe(ufic  gravity,  remains  be- 
hind. The  washed  coal  pHRsee 
on  to  an  inclined  sieve,  where 
all  the  water  is  drained  away,  and  thence  by  a  shoot,  into  trucks. 
As  soon  as  all  the  coal  is  removed  from  the  watliing  troughs,  a 
hole  in  the  bottom  (shown  at  b  b,  in  Fig.  484)  is  opened  itt  the 
lower  end,  the  vertical  stops  ui-e  lifted  out  of  position,  and  the 
nccumnlations  of  db-t  are  swept  down  and  patw  away  through  the 
hole,  which  is  then  closed  up  again.  Tbk  vertical  stops  are 
returned,  and  as  by  this  time  the  («cond  trough  containH  a  full 
charge  of  unwashed  coal,  the  stream  of  dirty  coal  and  water  is 
diverted  into  the  lii'st  trough,  and  a  similar  series  of  operations 
to  those  just  described  carried  on  in  the  second  channel. 

It  is  obvious  that  n  large  amoimt  of  Ubour  is  required.  To 
reduce  this  chaj'ge,  mechanically  moved  rakes  ai-e  employed, 
the  best  form  of  which  are  those  raking  back(\ards,  not  forwards, 
or  the  unwashed  material  is  likely  to  be  pushed  over  the  dam. 
The  amount  of  water  required  is  also  very  great,  and  the  quantity 
of  coal  that  can  be  treated  is  limit«d. 
Although  the  cost  of  working  is  large, 
yet  up-keep  and  first  cost  are  very 
low,  and  it  itppeajs  that,  under  certain 
conditions,  a  trough  washer  gives  as 
good  results  as  any  other  form, 

Robinson's  Washer  .—This  well- 
known  machine  consists  of  an  inverted 
tmncated  cone,  with  a  diameter  at  the 
top  about  four  times  that  of  its  diam- 
eter at  tlip  bottom  (Fig.  485).  At  the 
Vioiie  of  the  cone  is  fitted  a  water-jacket, 
a  h,  into  which  water  under  preesure 
can  be  brought,  and  which  pusses  into 
the  machine  through  u  eerit«  of  per- 
forations placed  all  round  the  cone, 
the  diameter  of  these  holes  being 
generally  about  J  in.  Still  lower  is 
a  cylindrical  cbamber,  e,  controlled  by  two  slidi 
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by  the  levers  u  diown,  A  strong  shaft,  f,  \&  dzed  rartiailj, 
exactl}'  in  the  centre  of  the  cone,  a,nd  to  it,  through  the  miMUuin 
of  a  cnst'iron  onMshead,  are  bolted  four  arms,  two  of  which  u* 
■liuwn  at  g  and  h.  E!ach  of  thfee  arms  carries  three  iron  Inn,  i  i, 
projecting;  downwards  and  curved  round  at  their  lower  eitremhf, 
m  order  to  work  close  against  the  sides  of  the  oone.  The  centnl 
Tertical  shaft  terminates  In  four  arms,  k.  Rotation  is  ellected  bjt 
bevel  gearing. 

The  principle  of  tliin  machine  ia  the  one  common  to  all  autKiit 
dassifltts — viz.,  that  if  two  eijual-eized  particles  of  different  speafie 
gravities  are  itilowed  to  ilrop  through  a  stream  of  water,  hf 
regulating  the  veloi-ity  of  the  wnter  it  can  be  arranged  that  tli^ 
particles  of  highest  HptH-ifio  gravity  shall  continue  to  fall,  wbile 
the  tighter  ones  ore  diiven  upwards.  Within  certain  limits,  it  u 
not  necessary  that  the  particW  treated  should  be  all  of  the  saiue 
aixe,  but  it  is  perfectly  clear  that,  unless  some  prelimioary  sUiDg 
tokee  place,  there  Is  a  danger  of  either  coal  passing  away  willi 
the  water,  or  dirt  being  carried  up  with  the  eoai,  both  of  which 
results  are  unprofitable  and  undesirable. 

The  actual  operation  of  washing  is  conducted  in  the  followinj! 
manner  :  Coal  ia  introduced  at  the  top  of  the  cone  and  falls  into 
the  water,  and  is  kept  iu  a  state  of  agitation  by  the  revolving 
ainiK.  Situated  some  dbtance  above  the  machine  ia  a  ciat«nt. 
from  which  water  under  pressure  is  brought  and  introduced  into 
the  base  of  the  oone  through  the  pipes,  a  and  b,  the  r^uLtr 
diiitiibutlon  being  elTected  by  the  holes  in  the  plates  alresdj' 
alluded  to.  The  water -pressure  is  bo  regulated  that  it  Is  sufficient 
to  lift  up  all  the  particles  of  coal  and  carry  them  over  the  top  of 
the  cone,  while  it  ia  not  strong  enough  to  force  up  the  dirt,  which 
falls  downwards  and  accumulates  In  the  base  of  the  cone.  It4 
removal  is  elTected  by  the  two  sliding  doora.  As  a  rule,  e  is  closet). 
When  the  space  between  »  and  d  is  full,  d  is  closed  and  e  opened, 
and  the  dirt  discharged.  The  washed  coal,  after  passing  away  at 
the  top,  is  received  on  a  |>erforated  plate,  and  the  greater  pert  of 
the  water  drains  awny. 

The  snccces  of  this  machine  depends  to  a  very  great  measure 
on  the  carefulness  and  iittentioo  of  the  attendants.  The  chief 
points  are  the  time  given  to  flushing,  and  the  r^ulation  of  the 
discharge  of  the  dirt.  The  machine  is  compact  and  occupies  little 
space ;  it  is  also  strongly  constructed  and  is  not  liable  to  break 

Coppde  Uaobine. — A  great  many  of  the  very  largest  washing 
estabhshments  are  fitted  either  with  the  Copp^e  or  Ltihrig 
machines,  both  of  which  are  identical  except  in  small  detalL-. 
Two  different  machines  are  used,  one  for  washing  the  coal  from 
^-Inch  upwards,  called  the  "  nuts  washer,"  and  the  other  called 
the  "felspar  machine"  for  washing  coal  of  sizes  from  ^-inch  down 
to  powder. 
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The  nuts  machine  (Fig.  486)  is  of  the  ordinary  continuous 
jig  type,  and  consists  of  two  compartments,  a  and  b,  in  one  of 
whidi  the  piston  worka,  while  the  other  b  provided  with  a 
perforated  strainer,  slightly  inclined  from  front  to  back.  The 
pieton,  p,    receives  an 

up-and-down  motion  by  _^        Fio.  ^36, 

being  connected  to 
cranAS  on  a  horizontal 
shaft,  and  the  amount 
of  this  throw  can  be 
varied  from  i|  to  4  in. 
An  opening,  10,  runs 
along  the  front  of  the 
washing  compartment, 
and  through  this  clean 
coal  continuously  passes 
away.  The  shale  is  dis- 
charged through  a  small 
cylindrical  compartment, 

d,  connected  to  the  side  of  the  cosing,  but  which  starts  above  the 
level  of  the  strainer,  leaving  a  free  space  between  the  strainer 
and  the  lowest  end  of  the  compartment  of  about  3  in.  It  is  open 
at  both  enils  and  communicates  with  the  outside  of  the  machine 
through  the  opening,  r.  It  is  provided  with  a  sliding  door  which 
regulates  the  discharge  of  the  ehale. 

When  the  unwashed  coal  is  introduced  into  the  machine  and 
the  piston  descends,  it  drives  water  into  the  compartment,  b,  and 
lifts  the  bed  of  the  material  resting  on  the  strainer.  On  the 
return  stroke,  the  heavier  dirt  falls  faster  than  the  lighter  coal, 
while  in  the  upstroke  the  lighter  coal  is  lifted  farther  than  the 

FlQS,  4S7  ASD  4S3. 


Ilieavier  dirt ;  the  result  is,  that  the  two  substances  separate  into 
layers,  the  coal  being,  of  course,  the  highest. 
The  felspar  washer  is  of  similar  construction,  but  differs  materi- 
■Uy  in  its  method  of  working.  It  consists  of  a  box,  divided  into 
two  compartments  by  a  longitudinal  partition,  in  one  of  which  the 
3D 


TEXT-BOOK   OF  COAL-MINING. 

5i»tOD  works  as  befcnv  (Figs-  487  and  48S).  It  is  also  genenllj 
ivided  into  two  or  sometimee  three  compartments  io  the  directioD 
of  iU  length,  each  com mimicft ting  with  the  other  by  opeoin^  a, 
Aloug  the  tiide,  and  through  these  the  washed  coal  paaees  away. 
In  the  nuts  TCueher,  the  holes  through  the  eiere  are  smaller  tbu 
the  site  of  the  material  being  treated,  and  consequently  no  dis- 
charge takes  place  through  them.  In  the  felspar  machine,  the; 
ore  larger  than  the  material,  and  the  dirt  posses  through  the 
fliere  into  the  lower  part  of  the  apparatus.  Three  sieves  tn 
gaoerally  employed.  The  dirty  coal  ifi  introduced  at  one  end  and 
gradually  passes  down  over  the  remaining  gratings,  the  clean 
material  being  finally  discharged  at  the  opposite  end. 

The  chief  peculiaiity  is  the  introduction  of  a  layer  of  felspar, 
from  two  to  three  inclies  thick,  on  each  sieve,  whose  epedficgravity 
is  greater  than  that  of  the  material  to  be  concentrated,  and  yet 
lees  than  that  of  the  gangue.  The  sizes  of  the  particles  of  this  bed 
are  larger  than  the  holes  in  the  sieve.  The  whole  framework  of 
the  machine  is  filled  with  water  up  to  the  level  of  each  sieve,  and 
as  the  pistons  work  up  and  down,  a  volume  of  water  is  forced 
through  the  holes  in  the  bottom  of  each  sieve,  lifting  the  bed  and 
the  layer  of  material  on  it,  and  then  allowing  the  whole  to  fall 
again  on  the  return  stroke.  The  lighter  coal  rises  to  the  surface, 
and  the  heaner  dirt  gradually  finds  its  way  through  the  bed  of 
felspar,  when  it  falls  into  the  bottom  of  the  compartment  to  be 
removed  from  time  to  time.  It  ia  essential  for  thorough  cleaning 
that  the  size  of  the  felspar  should  be  as  small  as  allowable,  and 
that  the  particles  of  mineral  forming  the  bed  should  be  of  con- 
venient density,  have  well  defined  rectilinear  angles,  and  be  of 
great  durability  to  resist  wear  and  tear.  A  point  of  considerable 
importance  is  the  proper  regulation  of  the  delivery  of  water,  which 
is  controlled  by  a  tap;  upon  this  depends  the  progress  of  the 
material  and  the  time  it  is  operated  upon. 

For  very  dirty  coal,  perhaps  no  machine  does  its  work  so  effici- 
ently as  this ;  indeed,  every  one  gives  it  the  chftracter  of  removing 
dirt.     It  is,  however,  ex- 
Fia.  4Sg.  pensive  in  first   coat,  but 

requires  little  attention. 
Much  depends  upon  the 
percentage  of  dirt  origin- 
aUy  present  in  the  wad. 
If  it  is  small,  and,  say,  one- 
half  of  it  is  removed,  the 
coke  from  the  resulting 
product  is  a  fair  one ;  on 
I.  the  other  band,  where  the 
*'  dirt  amounts  to  from  15 
to  30  per  cent,  and  only  3  to  10  per  cent,  is  taken  away,  the  coke 
is  very  bad.  With  a  duty  coal,  probably  it  is  best  to  use  machines 
of  this  type. 
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J.  489  gives  a  diagrammatic  representation  of  a  vrashery  in 
\  South  Wales  treating  about  zoo  tons  per  day.      The   fine  coal 
I  from  the  screens  (bars  i  in.  apart)  ia  raised  by  a  bnoket-elevator 
I  and  delivered  into  a  revolving  screen,  and  separated  into  three 
I  portions  :  (i)  the  large,  which  passes  over  and  goes  to  a  "  nuts  " 
r  washer  ;  (2)  a  size  between  ^  and  f  in,,  also  treated  in  a  "  nuts  " 
I  washer ;  (3)  the  size  below  g  in.,  which  ia  carried  off  by  a  stream 
of  water  and  delivered  into  a  second  revolving  screen,  having  per- 
forations J  in.  diameter.     Two  sizes  are  made  here— (i)  f  in.  to 
^  in. ;  and  (2)  ^  in.  to  nothing.     These  are  washed  aeparat«ly  and 
then  re-united. 

The  nut«  washers  are  Bituat«d  a  floor  above  the  felspar  machines, 
and  all  the  coal  from  them  aft^r  washing  is  delivered  on  to  a  pair 
of  rolls  and  crushed,  and  is  afterwards  mixed  with  the  washed  coal 
from  the  felspar  machines,  the  whole  being  raised  by  a  bucket- 
elevator,  and  then  oai-ried  by  a  revolving  screw  and  stored  in  four 
bunkers,  each  holding  about  40  tons.     Each  one  is  filled  consecu-  J 
r  tively,  and   the   discharge  is  so  arranged  that  the  coal  stands  I 
'  I  each  as  long  as  possible  in  order  that  the  water  may  drain  I 
I  away. 

One  small  engine,  about  15  in.  cylinder  by  3  ft.  stroke,  does  all 
lork,  and  there  are  only  two  men  employed  in  the  building — 
an  eugineman  who  looks  after  the  machinery  on  the  first 
floor  (engine,  felspar  washers,  and  pump),  and  an  attendant  who 
looks  after  the  "  nuts  "  machines  and  regulates  the  discharge  into 
the  bunkers.  In  addition,  one  man  is  employed  outside  to  see 
that  the  stack  is  being  delivered  all  right  from  the  screens.  The 
cost  of  an  entire  installation  for  washing  zoo  tons  jwr  day  would 
be  from  ^3000  to  :£25oo.  About  1000  gallons  of  water  are  lost 
per  hour,  this  being,  say,  10  per  cent,  of  the  total  quantity  used, 
and  the  life  of  a  plant  is  variable,  depending  in  a  great  measure  in 
the  way  it  ia  looked  after.  In  bad  cases  it  may  be  five  years,  in 
good  fifteen  years. 

Conolu^ions. — The  relative  advantages  of  coal  washing  have 

»been  fully  considered  in  a  paper  by  Mr.  R.  de  Soldenhoff"  and 
in  the  discussion  which  followed.  The  interesting  point  is  the 
absolute  cost  of  washed  coal,  after  charging  the  cost  of  the  un- 
washed coal  delivered  to  the  machine.  For  example,  a  certain 
number  of  tons  of  coal  are  delivered  to  a  washing  machine,  which 
if  not  washed  would  in  the  ordinary  course  of  affaire  be  sold  for 
a  certain  sum  per  ton,  the  impuritjes  contained  in  them  being 
weighed  with  the  coal.  During  the  process  of  washing  thegreater 
pHit  of  these  impurities  is  removed,  and  the  resulting  product 
weighs  considerably  leas  (at  Dowlais  4697  tons  of  unwashed  pro- 
du^d  3433  tons  of  clean  coal,  the  remainder  was  dirt  and  loss  in 
^^  washing;  the  latter  amounting  to  3.72  percent,  on  the  4697  tons, 
^H    fir  3.39  per  cent,  on  the  3433  tone).     So  many  tons  are  actually 


•  So.  WiUes  Inst  liv.  88. 
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lost  which  rauld  hare  been  sold  At  &  oertaia  rate,  and  then 
repreeent  »  certain  sum  of  money  whii^h,  being  divided  by  the 
nnmber  of  tone  of  waahed  coal  recovered,  gives  s  certoiu  amotuil 
which  must  be  Added  to  the  cost  of  washing. 

Am  the  value  of  the  unwashed  coal  increases,  so  does  thii 
ch&rge,  and  a  point  may  easily  be  reached  where  it  Deutraltsw 
the  increased  value  of  the  washed  product,  especially  if  the  coal 
is  sold,  not  coked.  In  the  latt«r  caae  (coking)  the  advantages  of 
producing  coke  with  little  ash  are  ^ reat.  less  flux  is  required  for 
the  furnace,  and  less  slag  is  produced,  and  also  less  coal  has  to  be 
handled.  Washing  might  easily  make  an  uncokable  coal  into  a 
cokable  one  ;  as  a  very  impure  coal,  although  a  caking  one,  oaj, 
owing  to  the  large  amount  of  ash  in  the  coke,  be  unsaleable. 

There  is  another  point  which  must  be  specially  noted  ;  tlie 
same  water  must  not  be  used  over  and  over  again  for  washing, 
without  some  efficient  filtering  arrangement,  or  the  lustre  of  the 
coke  will  be  completely  lost.  At  Eamock  Colliery,  Lanarksliire, 
the  water  is  pumped  on  to  the  top  of  the  dirt-heap,  and  allowed 
to  percolate  through  it  before  being  used  again.  Settling  tanks 
do  not  entirely  remove  the  difficulty. 

Dry  Coal  Cleaning, — Messrs  Basiaux  and  lAinard*  describe 
an  apparatus  for  cleaning  coal  by  means  of  an  air  blast  at  Bhein- 
Preussen  Colliery,  Germany.  The  coal  is  first  separfit«d  by  a 
trommel  into  live  sizes,  the  largest  of  which,  i  to  2  inches  in  dia- 
meter, goes  direct  te  the  coke  ovens ;  the  others  pass  each  te  a 
separate  clciiner,  where  the  coal  is  spread  out  in  a  trough  about 
6  feet  9  inches  long  by  2  feet  broad,  divided  by  a  horizontal  perfo- 
rated plate  into  an  upper  and  lower  chamber.  One  end  of  the 
trough  is  in  communication  with  the  air  blast,  the  other  with  the 
cleaned  coal  dustnihamber,  from  which,  however,  it  is  separated 
by  a  sloping  screen,  the  bottom  end  communicating  with  a  hopper 
placed  below  the  trough.  In  the  lower  compartment  of  the 
trough  is  an  endless  belt,  which  carries  the  coal  to  be  cleaned  in 
an  opposite  direction  to  the  air  blafit. 

The  air  blast  blows  the  pure  coal-dust  through  the  screen,  and 
the  larger  coal  against  the  screen,  down  which  it  slides  into  a 
hopper,  while  the  stones,  too  heavy  to  be  affected  by  the  blast,  are 
carried  forward  by  the  endless  band  inte  another  hopper. 

The  clean  coal  gave  7  per  cent,  of  ash,  and  the  stones  (high) 
45  per  cent,  of  coal.  The  cost  of  cleaning  (exclusive  of  interest 
and  depreciation  of  capital)  was  given  at  o.Tgd.  per  ton. 

Briquottea.— On  the  Continent,  the  manufacture  of  briquettes 
as  a  means  of  utilising  small  cool  is  in  great  favour.  English  mining 
practice  is  probably  further  behind  here  than  in  any  other  opera- 
tion. The  great  reason  for  this  seems  to  have  been  the  absence  of 
a  market,  which  was  probably  due  to  the  uncompromising  form  of 

'  Bay.  Univ.  (2«  Siiie)  'a.  135. 
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the  article  manufactured,  although  recently  Engliah  firms  have 
taken  out  patents  for  an  improved  mode  of  traversing  and  locking 
step  by  st«p  a  revolving  mould-plate,  which  may  be  subdivided 
for  interchanging  moulds. 

Briquettes  of  the  shape  generally  manufactured  in  England  are 
unsuitable  for  domestic  use.  On  the  Continent  every  shape  is 
made,  varying  from  an  ordinal^  brick  to  ovoidal  perforated  bullets 
about  the  size  of  a  goose's  egg ;  the  former  may  be  used  for 
locomotive,  and  the  latter  for  domestic  purposes.  Large  quantities 
&re  made  every  year,  and  the  demand  is  increasing.  The  only 
objection  against  them  is  the  rather  dense  and  nasty  smoke  pro- 
duced on  burning. 

So  much  attention  has  been  given  to  the  subject,  that  the 
machines  employed  on  the  Continent  seem  to  he  a  decided  improve- 
ment on  those  used  in  this  country.  The  one  most  in  favour  is  that 
of  Messrs.  Bietrix  &  Co,,*  who,  aftei-  an  experience  of  many  years, 
have  avoided  the  use  of  steam  as  a  hoiiting  medium,  finding  that 
the  presence  of  moisture  should  be  avoided  in  the  manufacture  of 
homogeneous  briquettes.  In  preparing  the  paste,  the  first  pro- 
cedure is  to  dry  the  coal  in  a  small  furnace,  having  a  rotating 
plate  for  its  bottom.  The  fire  is  placed  on  one  side  and  passes 
over  the  coal  and  returns  underneath  the  plate.  During  its 
passage  through  the  furnace,  the  coal  is  tui'ned  over  by  means  of 
lakes  and  vanes,  and  on  its  discharge  is  mLxed  tvith  as  small  a 
quantity  of  pitch  as  possible,  which  has  been  brought  there  by 
an  elevator. 

The  two  substances  are  intimately  miied  by  a  screw  and  conveyed 
on  to  the  feeding  plate  of  the  machine,  the  chief  feature  of  which 
is  a  borizontnl  mould-plate  and  double  system  of  levers,  by  the 
aid  of  which  the  briquette  is  compressed  on  both  sides.  The  rotating 
plate  which  contains  the  dies  is  provided  with  a  series  of  short 
roller  pegs  projecting  downwards,  which  engage  at  intervals  with 
a  screw-thread  cut  in  a  revolving  shaft.  In  this  way  the  plate  is 
turned,  and  at  each  turn  locked  in  position  while  the  presses  enter 
the  die,  motion  only  tokiDg  place  when  the  plungers  are  out  of  the 
dies.  The  dies  are  attached  to  a  beam  connected  at  one  end  to 
geared  cranks,  while  the  other  is  attached  to  an  hydraidic  piston. 
The  paste  receives  double  compression,  first  by  the  top  plunger 

I  and  then  by  the  bottom  one.     If  any  hard  body  gets  into  the 

■press  by  accident,    the    hydrauUc    piston    rises    and    prevents 

^d&mage. 

I  As  the  coal  is  first  dried  in  a  furnace,  the  briquettes  contain  a 
-very  small  amount  of  moisture,  and,  in  addition,  less  pitch  ia 
ivquired,  as  the  coal,  to  a  certain  extent,  is  softened.  The  machine 
is  very  simple  and  compact,  one  of  the  main  features  also  being 
"  e  certainty  with  which  the  coat  and  tar  are  mixed,  this  being  i 

•  80c.  Ind.  Mia.  {!'  Sine),  zU.  461. 
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failing  with  nunjr  nuichinee,  pitch  being  very  expensivo.  As  tb* 
uould-pUU  ia  bomontftl  ajid  hxs  thi«e  of  its  ho1«s  exposed  to  th* 
feed  ecnpen  Kb  one  time,  it  ia  alwKjrs  properly  cbarged.  Doahh 
eanpraasion  is  admittedly  such  »a  advantage  that  every  ods  at  the 
preMot  time  tuea  it. 

Id  the  machines  makiDg  oroidal  shapes,  two  plates  are  employed. 

the  Lower  one  fixed  faoriiantaily  and  the  upper  one  inclined  at  an 

angle.     The  horixontal  revolving  plate  on 

Fio.  490,  which  the  paste  is  fed  13  provided  with  two 

^  rows  of  egg-ahaped  cups  (a  a.  Fig.  490). 

^^^^_JI^— ^^         from  the  bottom  of  which  project  vertical 

■^     I      .»— —      spiodlee.     The  upper  plate  ia  provided  witli 

'*      fc       T**        two  rowB  of  oval  recesses  which  corre^nil 

with  the  cups  in  the  lower  plate.     The  t«o 

plates  turn  on  shafta,  h  and  c,  and  during  the  revolution  approach 

each   other,  and  at  this  moment  the  lower  cups  are  nused  up 

by  a  t&m,  which  pushes  up  the  spindles  to  which  they  are  attached 

and  by  these  means  the   briquettes  are  compre^ed.     A  little 

further  on  in  the  revolution  the  two  plates  separate  again,  nni 

the  cups  being  still  further  raised,  the  briquettes  are  discharged. 
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position  of  holes  lor,  85 

Bucket  pumps,  2S6 

proybited,  89 

Buddie,  introducer  of  panel  working, 

substitutes  for,  87 

154 

Blooka  or  stops,  193,  205 

Bull  engine,  296 

BiowerB,  14,  315 

Bulling  iioii.  44 

Biilman,   M.   ¥.,   on    coat    of    borsa 

Boilers,  195,  375 

haulage,  191 

Boilers,  underground,  195 

on  method  of  working,  155 

Bonneted  Mueseler  Ump,  359 

Boms'  brake,  252 

BoDDE  for  work,  38 

Burnet's  roller  wedge,  SS 

Bord  and  pillai,  152 

Borehole  at  Sperenberg,  34 

Cage,  attaching  rope  to,  239 

Middlesbrough,  34,  35 

Cage  chains,  240,  241 

Boreholes,  casing,  33 

Cages,  234,  274 

sDrveying;.  35 

safety,  b68 

triangmw,  43  ■ 

uses  of,  36 

Cnlorific  power,  12 

Boring,  metbo4  of,  18 

Candles,  352 

accidents  in,  31 

Canklow  sinking,  Yorkshire,  295 

co«  of,  34,  67 

CBUncl,  II 

cross  cots,  75 

separating  from  coal,  402 

frame  for  sinking.  99 

Capell-Davis'  anemometer,  346 

holes  wet,  66 

CapeU  fans,  333,  339 

record  of,  34 

Cappings,  rope,  239 

fiinkiogbv,  118 

Carbonic  acid,  314 

Borings  in  ooal,  gas  from,  16 

oxide,  314 

Bomet's  drill,  46 

Bonhardt'a  exploder,  83 

Carbonite,  79 

Bowks.  101 

Carll,  J-  F.,  on  bonng.  36 

Brain,  on  electric  pumping,  309 

Casartelli'B  anemometer,  345 

i 

Chi7  Cwtm  Ca4Bei7,  Dobrihin,  190 

Mainr  ■athmett*,  411 

Mtet?  lamps,  369 

rWarim  hornhnlr.  91 

Clmt.6.  lU,  158 

Clen«K«i,6 

CUftaa  CoU>«*7*  MottiiistMB.  >74. 1T& 

CUpa  fbr  taslag*,  *t7 


ion  o[,  10 


kl  valac  oF.  11 
CMnpoaitloti  of,  10,  it,  tj 
defiaitioo  o£.  9 
dost,  316 

dost,  action  of  moutare  od,  31 
cooTejora  for  boiler;,  379 
caUiiig  nwcbines,  67 

aaiDpreM«d  «ir,  63 

dMtdc,  71 

Oillot  ud  CopicT,  68 

Bigg  Mid  Meiklejobn  6S 

6^,69 


Leg?. TO 
Gooldcn,  71 
Jeffrey,  7* 
Van-Depoele.  7s 
Stanlej,  74 
tonaaUon  of,  9 


preparing  for  muket,  3! 
dsinK,  414 

OoaUng  steun-pipes,  3S0 
Ooclinne,  W^  on  ventilator*.  3)0 


Cockson  bn,  333 
CoffeiiDg.  in 
Cogs  ot  cbocka,  13; 
CoUieiies  ref  eircj  to  : 

Abnm.  Lancashire,  377,  401 

Alz-U-ChapeUe,  iii 

Aldwuke  Main.  ToiksIurG,  401 

Aniche.  Prance,  40S 

Astin,  Frsni^e.  346,  360,  ajg 

Aobio,  TrMn<x,  Sa 

ftucoap.  148.  372,  17S.  3S8.  JW 

m  404.  409 

Bell  End,  183.  309,  210,  241,  >7Ti 

281 
Bestwood,  Hotting-ham  thire,  i6(. 


OatnphaQ:«n.  271 

CaoUow  MnklDff.  Yorkshire,  195 

Celjoen,  Sooth  Wales,  336 

Claj  Crou,  190 

Clear  Spring,  37 

Clifton,  a74,  a76,  385,  389 

Cowpen,  3S6 

Dair7  pit,  Wigan,  34 1 

Dcmabj  HaiD,  Yorkshire,  376, 194, 

301 
Dowlais,  31J.  419 
Bamock,  Lamukshire,  420 
East  Franklin,  37 
East  Howie,  Durham,  37^^^B 
Elemare,  Durham,  1915,  ■t^^H 
Emilia,  Germany,  121    ^^^^H 
Epinair,  France.  363         ^^^| 
Eppleton,  154.  190,  328     ^^H 
Han07er,  Weitpb  alio,  164 
Harris  Navigation,  16,   100,  104, 

126,  248,  276,  324 
Barton,  387 
Haswell,  316 

Hetton.  DnrhMD,  307,  343 
Hewlett,  40S 

Hilda,  South  Shields,  233,  273, 406 
Hoheniollem,  Prnsaia,  227 
Homer  Hill,  180 
Horlai,  Li^e,  143 
Hotticguer  shaft,  Epinac,  363 
Lens,  S4,  139.  390 
Lincoln,  37 
Llonbiadjict).  107,  361 
Llwjnjpia,  323 


I 


INDEX.                                         417^^1 

Collieries  tefcrred  to  {continued)— 

Corrosion  of  tabbing,  1 17.  339              ^^^| 

Lye  Cross,  iSi,  190, 20S,  314,  Z41, 

Coat  of  blasting  v.  hand  getting,  89     ^^H 

381,344 

boring,  34.  ]6,  75                            ^^M 

coal  cutting,  73,  74                         ^^H 

244,  380,  409 

drilling,  48,  63.  67                           ^^H 

Marihaje.  89 

electrio  light,  371                            ^^H 

Merthyr  Vale,  16 
Nennkirchen,  Prussia,  316,  3» 
Newbattle,  Edinburghshire,  316 

electric  pumping,  309                    ^^H 
feeding  horses.  iKo                        ^^^H 

hanlage,  224                                    ^^^H 

Naanery,  145.  186,  230 

horses,  1S9                                      ^^H 

PembertoB,  aSo,  405 

horse  hanlage,  191                          ^^^H 

Plymouth,  S9 

labrication  of  tubs,  1S7                  ^^H 

Pochin,  South  Wales,  323 

metal  supports,  13S                        ^^^H 

Podmore  Hall,  89 

puUeys,  307                                     ^^^H 

Ramrod  Hall,  StsfTordsbire,  135 

raU  guides,  243                              ^^^M 

Bhein-Preusaen,  Gcrniacj,  430 

ropes.  237                                      ^^^M 

Roche  la  Moli^re,  log 

sinking,  122.  12$                        ^^^H 

8l   Adolphe,   Eaine  St.   Pierre, 

Beleiom,  133 
BandweU  Park,  136,  331.  333 

limbering,  13S,  140                      ^^H 
tubbing.  117                                  ^^^H 
ventilation,  341                               ^^^H 

Seaham,  115 

waahiEg  coal,  419,  430                     ^^H 

Bhamrock,  Weatphalia,  63 

Covering  pit  top,  102                               ^^H 

BhenaDdoah  City,  36 

Conlson,  W.,  and  J.   J.  Atkinson  on   ^^H 

Shipley,  88 

tubbing,  iiG                                    ^^H 

Shireoaks,  118 

Counterbalancing   in    winding,   251, 

Skelton  Park,  331 

254,  256,  257,  263 

Bneyd,  N.  StaiTordKhire,  365 

pump  rods,  291 

Ttsfalgar,  Gloucestershire,  309 

Cowpen    Colliery,    North  umber  land, 

-Whamcllffe  Silkstone,  36,  337 

Ynishir.  333 

Zanokerode,  SaJonj,  236 

Coxe's  gyratory  screens,  394 

OolUery  Ownera'  Association  on  suhsi- 

Cradock  on  strains  during  winding, 

deoce,  150 

341                                                    ^ 

Colquhoun'a  sleeper,  179 

Ctadock's  ropes,  23S                                 ^^M 

CombB  (or  screens.  397 

Craig,  Vf.  Y.,  on  blasting.  89                   ^H 

Composition  of  coal,  10,  II,  13 

Creeper  chain,  3S3                                   ^^^M 

Compressed  air.  48,  197 

Cribs,  w  Curbs                                       ^^M 

motors.  5S 

Cioas  cats.  131                                        .^^^H 

boring,  75                                        ^^M 

Crossings,  air.  343                              ^^H 
Crow's  Toot,                                            ^^H 

Coadeosers,  steam.  260 

Crucible  steel  ropes,  337                        ^^^H 

CoDdeneatioQ  otateaminEteampuTcpg, 

Curbs,  garland,  106                                  ^^H 

Gondoctora  between  cages,  346 

patting  in,  for  tubbing,  113             ^^^| 

electric,  58,  59 

setting  out,  loi                                  ^^^1 

ConcJnits,  air,  55 

supporting  In  loose  ground,  log 

Conformable  strata,  5 

vrood.  93,  106 

Conical  drums.  251,  356 

Continnons  eleottio  currents,  56 

Daqlish.  J.,  on  boring.  37 

Contracts,  38 

Daglish  and  Atkinson  on  anemo- 

Conveyora, coal  and  ash,  for  boilers, 

meters,  346 

„    ,.  3" 

water  gauges,  348 
Dairy  PH.  Wigan.  341 

Coppee  washers,  416 

Dama.  311 

Cores,  eilracting,  34.  38.  30 

"  Dancing  "  ot  valves,  54 

Davey.  H.,  on  pamplng-engin«  gew, 

Cornish  pumping  engine,  295, 399,  300 

valve,  392 

397 

rJavej  d<S«r«Dtial  engine,  196 
Da*U  and  Stokw'  commviUUorB,  5S 
Davit'  »eU-tliillDe  aQemometer,  J45 
D»T7,  Sir  H.,  OD  lampt,  334 
D«Tj  Ump,  352,  363 
Dosp  wortings,  duuning,  305 
Deflector  Ump,  361 
Delicate  iodicaton,  371 
Demanet,  C  on  lail  gaid«s,  143 
Denabj  Main,  YorkBhire,  376, 194, 301 
Ditaonen,  antonatio,  for  oUpt,  aao 
Detonators,  80 
Diamond  boring,  17 
Diamond  boring  reamer,  33 
Diamond  Borinx  Co.,  33,  34 
DiSerenlial  en^ne,  396 

pulley,  309 
Dip.  3 

Diiect-Bcting  iteam  puinp«,  agS 
Diaposable  hjdrogen,  14 
Door«,  341 

Doable- lieat  valve.  393 
Dooble-staU  method  of  work,  161 
Donglaa,  If.  H.,  on  laj-ing  out  fcips, 

146 
Duwlais  Collier;,  South  Wales,  333, 
419 


Drawbali,  185 
Dreawm,  41 
Driili,  hnud,  43 

machine,  60 

supports  for,  99 
Drivina  faoa,  336 

roadB,  4S,  139,  ^36 
Drums  and  pulleys,  193,  303,  305,  307, 


209 
Drums,  throwing  in  ai 


winding,  3J0 

winding,  diameter  of,  33S 
tor  lining  sliaCtB.  97 
Dry  coal  cleaiuQg.  430 
Dudlej,  P.  H..  on  raiU,  177 
Dumont  on  subsidence,  tjg 
Dynamite,  76 


Ea-st  Howlo  Collier;,  Durliam,  376 

Edmestoo's  olatch,  313 

EfScienny  of  electric  transmisraon,  59 

fans,  337 
Eilers,   K.,   on  electric  locomotives, 
337 


Electric  batteries,  370 

blasting,  80.  8z 

coal-catting  mschioe^,  ft 

cooductors,  j8,  59 

drills.  65 

haulage,  326 

horse-power,  57 

lighting.  370 

locomotives,  2x6 

percussive  driUa,  6% 

pomping,  309  I 

sigoals.  3S3 

Iransnisrion,  56,  19B,  309 
Electricity,  56 
Electro  motive  force,  57 
Electro  motors,  58.  71 
Elemore  Collier;,  Diuiiain,  igS^Mt 
Elliott's  multiplo  wedge,  S? 

drill,  46 
Blsom,  H.,  re-ligbting  lamps,  3E9    ' 
Emilia  Collier;,  German;,  131         il 
Endless  chain  haolace,  i^  30t,  Aj 

rope  haulage,  1^,  205,  214 
Engine-bonse,  250  ' 

Engines  for  fans,  336 

for  haulage.  19S 

for  winding,  348 
English  Fan  CommUsloD,  349 
Epinao  Collier;,  Frwics.  3S3 
EppletOQ  Colliery,  Darhun,  154, 19 
328  ^ 

Equivalent  orifice,  338 
Evans  &  Son's  pumps,  39!^  31 

valves,  293 
Expansion  joints,  196 
Expansion  of  steam,  357 
Eiploslves,  75 

firing  of.  So 
Eyre's  steel  wheels,  1S4 

Fairlet,  W.,  on  air  friction,  334 

Fan  brake  for  haulage,  194 
CapeU,  333,  339 
Cockson,  333 

compared  with  fnriwoes,  340 
efficiency  of.  337 
engines,  336 

forms  of,  330,  335  ^^m 

Guibal,  33C^  339  ^^M 

Schiele,  333,  389  ^^H 

Waddle,  331.  339  ^^M 

Walker,  334.  339  ^M 

Fara<ia;  lines  of  force,  56 

Farada;  and  L;ell  on  cxptosico,  31I 

proi-ing,  36 


an.  134,19 
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ling  horses,  1S7 

Grange  expansion  gear,  259                           ^H 

par  washer,  4:6 

Gray  lamp,  3^6                                                ^^H 

cing  pit  tops,  279 

Greasing  ropea,  237                                       ^^H 
GrenweQ.G.C.,  on  tabbing.  117             ■    ^H 

jnBon,  D.,  on  pulleys,  206 

;er  dmin,  383 

on  working,  IS5                                       ^H 

■danip.  314 

Greenwell's  screen,  396                                 ^^H 

indicaioiB.  371.  (&«  ako  Safety 

Grtmmitt'a    orci-vriDdicg   apparatus,         ^^H 

lamps.) 

269                                                        ^H 

slick.  170 

Grisoutite,  79                                                  ^^M 

sin  mines.  37,  170 

Guibal  fan,  330.  339                                       ^H 

Dg  wplosives,  80 
h's  props,  137 

Guide  trDQgh.4,  247                                       ^^H 

shoes,  246                                              ^^H 

plating.  178,  243 

cage,  234,  243                                        ^^H 

er's  caging  apparatns,  274 

boring,  20                                              ^H 

clip,  218 

for  sinking.  102                                     ^H 

elQtch,  aiJ 

for  winding,  234,  243                            ^^^B 

tippler,  3S9 

pulley  for  winding,  257                         ^^H 
Gniding  pump  rods,  291                               ^^M 

ropea.  256 

Bheeta,  383 

Guinotte  &  Briart's  screen,  39S                    ^^H 

iter-Brown  and  Adams  on  cost  ot 

Gunpowder,  75                                              ^^H 

sinking,  12; 
'ils.  3.  7 
liar's  cage  loading  apparatus,  275 

Gumey,  Sir  G.,  on  veDtilatioD,  329               ^^M 

Hade  of  faults,  4.  36                                     ^^M 

Hall,  H.,  on  coal  dust,  321                             ^^H 

□tz's  catches,  371 

Hamraera,  41                                                     ^^ 

3-£alling  cutters,  23 

Hand-machine  drills,  45 

Uon  ot  air,  324 

tioDsl  electric  machines  for  blast- 

ing. 83 

Hardy  Pick  Co.'s  applmnces.  40,  45, 

oaoe  ventilation,  327 

tS6 

naces  compared  with  fans,  340 

Harris    Navigation    Colliery,    Soath 

es,8o 

Wales,   [6,  100,  104,  126,  24S, 

276.  3^ 

J.OWAT  boiler,  376 

Harrison's  coal-cutting  macbine.  69             ^^^ 

owBj,  W.,  00  coal  dosi,  316,  318 

Harton  Colliery,  Durham,  387                     _^B 

HaaweU  Colliery,  Durham,  316                    ^^M 

draining  shafts,  no 
guides  for  sicking,  103 

Haawell  cool-getter.  SS                                 ^^M 

Haulage,  17S                                                  ^H 

Bhaft  top  doors,  102 

brakes,  194,  214                                     ^^H 

sinking  at  Danbradach,  107 

clips.  217                                                 ^H 

land  curbs,  106 

clip  detachers,  220                                 ^^M 

indicatora,  371 

clutcbea.  212                                           ^H 

pressure  ot,  in  borings.  16 

comparison  ot  syBtems,  224                   ^^H 

releasing,  36 

direct«cting.  19S                                   ^H 

es  occluded  in  coal.  15 

drums  and  pulleys,  193,  200,  Z03.         ^^H 

in  Bines,  314 

^H 

go  of  rails,  177 

electric  locomotives,  22G                       ^^H 

ges.  water.  34S 

endless  chain,  202                                 ^^H 

endless  rope,  205,  214,  214                   ^^M 

gnite,  77 

engines  for,  19S                                     ^^M 

log7,  I 

horse,  187                                              ^^M 

m^9.8o 

locomoti>  0 j.  22G                                    ^^^H 

ott  ft  Copley's  coal-cutting  ma- 

main and  tall  rope,  200,  235                 ^^H 

chine,  68 

on  branches,  201,  204,211                     ^^H 

^ses  for  lamps.  365.  372 

permanent  way,  175                                ^^H 

Iden's  ooal-cuttiog  machine,  72 

may,  de,  on  Koepe  winding,  264 

self-acting  inclines,  192                            ^H 

dlent  of  roads,  keepiDg,  130 

tail  rope,  200 

\diiu  rtntfTiif,  163 

transmission  of  power,  195 

J 
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Hajdook,  W.,  on  picking  ooaI,  402 
HajwBxd,  Tyler  4c  Co.^  condenser, 

Heftdwayi,  153 

Health  of  minora,  efFeot  of  ezploslTes 

on,  78 
HdTes,  M 

Hetton  CoUierj,  Dnrbam,  307,  342 
Hepplewhite^ray  lamp^  3^6 
Hewlett  Colliery,  Lancashire,  408 
Hilda  Colliery,  Soath  Shields,  233, 

273i4o6 
Hilt  on  coal  dost,  ^17 
Hipkin*8  sleeper,  i  so 
HonenxoUem  Colliery,  Fmssia,  227 
Hoists,  275.  277,  384 
Holing  in  roads,  131 
Holman's  condenser,  303 
Homer  Hill  Colliery,  South  SUfford- 

shire,  280 
Hood,  A.,  on  watering  dasty  mines, 

323 
Hoppits,  loi 

Horloz  Colliery,  Li6ge,  243 
Horse  haulage,  187 
Horse  power  for  fans,  337 
Horses  feeding,  187 

for  hanlage,  198 

for  pnmps,  304 

life  of,  181,  191 
Hottinguer  Shaft,  Epinac,  262 
Howat's  lamp^sleaning  machine,  369 

rivet  machine,  367 
Howell  drill,  46 
Hudson's  turntable,  181 
Hunting,  C^  on  horses,  188 
Hussmann,  coal-boring  machine,  75 
Hydraulic  mortar,  105 

power  for  pumping,  307 

rock-drill,  63 

transmission  of  power,  63,  307 

wedges,  SS 

Igneous  rocks,  i 
Inclines,  self-acting,  192 
Indicators,  fire-damp,  371 
Induration  of  rock,  2 
Ingersoll's  rock  drill,  61 
IngersoU-Sergeant's  coal-cutting  ma- 
chine, 70 
valve,  54 
Injectors,  377 
Inset,  arrangement  o^  145 
Intrusive  rocks,  2 
Iron  and  steel  supports,  137 
Iron  tubbing,  112 

Jabs,  27 

Jeffrey  coal-catting  machine,  72 


I 


Jenkins,  154 
Ji^-brows,  192 
Joints,  ezpansion,  196 

for  timber  aeta,  135 

for  pipes,  196,  288 

for  spear  rods,  290 

in  rock,  5 
Jones,  J.«  on  cost  of  tabbing;  118 
Jumpers,  42 
Junctions,  180^  195,  216 

Keps,  270  r 

Kieselguhr,  76 
Kibbles,  loi 

Kind-Chaudron  method  of  smkiar 
118  ^^ 

Kind's  free-faUing  cntter,  23 

plug,  33 
King's  hook,  267 
Kips,  146 
Koepe  system  of  winding,  263 

Laboub,  arrangement  oi^  151 
lamination,  2 
Lamps,  352 
Lancasldie  boiler,  376 

method  of  working,  156 
Lang's  wire  ropes,  238 
Lay  of  ropes,  238 
Laying  dust  in  mines,  322 

rails,  177 
Lead  rivets,  366 
Le  Chatelier   and  Mallard  on  coil 

dust.  317,  319 
Lee,  J.  F.,  automatic  detacher,  221 
Legg's  coal-cutting  machine,  70 
Lens  Colliery,  France,  54,  139,  390 
Leonard  and  Basianx  on  ooal  clesa* 

ing,  420 
Levels,  129 
Lids,  133 

Lifts.  275,  277,  384 
Lighting,  109,  352 
Lignite,  10 
Lime  cartridges,  88 
Lincoln  Colliery,  Pennsylvania,  37 
Lining  boreholes,  32 

shafts,  93 
Lippmann's  method  of  sinking,  120 
Liveing's  indicator,  372 
Llanbradach  Colliery,  Sonth  Walei, 

107,  261 
Llwynypia  Colliery,  South  Wales,  323 
Loading  shoots,  403 
Locked  coil  ropes,  238 
Locking  safety  lamps,  366 
Locomotives,  226 
Longden,  J.  A.,  on  shoeing,  189 

shaft  pillars,  149,  151 
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fwall  method,  136 

Needles,  45                                                       ^H 

cs  in  air  circulation,  344 

Neunkirchec,  Frnssla,  316,  320                      ^^M 

rig  washers.  416 

216                                          ^H 

Cross  Pit,  Sonth  Staffordlhirc, 

Nitro-glycerine,  76                                           ^^^| 

182,   190,   ao8,   m,   241,   281, 

Nunnery  Colliery.  Sheffield,  145,  186,           ^M 

J  and  Faraday  on  eiplostons,  316 

"Normal,"  theory  of,  150                               ^^M 

Nuts  washer,  416                                             ^^M 

'GEORGE,  E.  F.,  35 

bine  drills,  hand,  45 

(E^NBAUSEN-s  free-falling  cnttei,  24           ^H 

Ohm,  57                                                            ^H 

quel,  A.,  on  grisoutite,  79 

Oil  for  lamps.  364                                            ^H 

netic  looks.  366 

OU  vessels  of  safety  lamps,  365                      ^H 

neto  machines  for  blasting,  84 

Oiling  ropes.  237                                             ^^1 

let  on  Koepe  winding.  264 

tub  axles.  1S6                                         ^H 

1  and  tail  rope  haal^,  198,  aoo, 

OriBcc  of  passage,  33S                              ^^H 

MS 

Ormerod's  hook,  367                                     ^^H 

ard   and  Lb    Chatclier  on   coal 

Outbursts  of  gas,  315                                   ^^H 

dual,  317,  319 

Outcrop,  3                                                       ^^^1 

imoth  bed.  Pennsylvania,  16S 

Over-rope  haulage,  214                                   ^^^1 

cmontCoUicrr,  Belgium,  241, 242, 

244.  380,^69 
haye  Colliery,  Belgiam,  89 

Overwinding,  preventing,  166                        ^H 

P&LMBB,  H.,  on  loss  in  ventilation,  344            ^H 

teti  preparing  ooal  tor,  381 

Panels,  154                                                        ^H 

ant  lamp,  361 

Pasfield'a  brake,  253                                         ^H 

But,  J,  B„  on  lamps,  355 

Pedestals  for  tnb  axles,  185                             ^^H 

in.  W.  H.,   on  watering  dust; 

Pemberton  ColUery,  Lancasbite,  280,  ^H 
Pennsylvania  anthracite  cleaning,  41a            ^^H 

fin  electnc  rock  drill,  65 

inry,  104,  140 

method  of  working,  16S                            ^^H 

ler  end  Piait'e  system  of  boring, 

Percussive  drills,  42,  fio,  65                              ^^M 

34,34 

Picks,  39                                                            ^H 

lanical  stoking,  377 

Picking  belts,  400                                        ^^H 

tables.  402                                                 ^B 

icke'B  Bystem  ol  coDDterbalauc- 

Pieler  lamp,  371                                                ^^M 

ing,  257 

Pile  driving,  95                                                ^^^H 

r.  E.    F.,  on  the  Warwickshire 

Pillar  and  stall,  152                                         ^^M 

coalfield,  170 

Pipes,  arrangement  of  pump.  301                   ^^H 

hyi  Vale  Colliery,  South  Wales, 

snpportiag  in  shafts.  2S9. 294                  ^^H 

16 

Fit  frames,  229                                                  ^^H 

moiphic  rocks,  1 

Fit-top  covering,  102                                        ^H 

llesbrongh,  boring  at.  27,  34 

Plating  for  screens,  397                                    ^^H 

Qrea,  37,  171 

Plates  and  turntables,  181                                ^^M 

■e,  J.,  on  pumping,  30S 

Piatt,  F.,  on  working  Mammoth  bed,             ^^M 

■e's  hydraulic  pumping  plant,  308 

^M 

;an  lamp,  360,  366 

Plough  steel  ropes.  237                                     ^^1 

ar,  105 

Plunger  pumps,  2S7  ^^M 
Plymouth  Colliery,  South  Wales,  59                ^H 

boi,  118 

rs,  air,  55 

Pneumatic  hoistiog,  262                                   ^^H 

ileotrio,  58 

Fochin  Colliery,  South  Wales,  323                  ^H 

«Ier  lamp,  354,  359 

Fodmore  Hall  Colliery. Moitb  Stafford-            ^H 

itnbular  boilers,  376 

shire,  89                                                  ^H 

icheid  coal-boring  machiue,  75 

Poetsch's  method  of  sinking.  I3i                     ^H 

^oe,  D.,  on  ventilation.  338,  347 
TBve  expansion  gear,  358 

Postand  stall,  152                                             ^^H 

Fottsville,  sicking  shaft  at,  too                       ^^H 

Power  machine  drills.  60                                  ^H 

ED  lights.  3S2 

ral  ventilation,  337 

'95. 3°7                                              ^H 

^^^H^^^^^^^^H 
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316 
Pfellqrt  aad  dnuu,  193.  x^  «>$•  307, 


FttIliy«»miioii.2ii 
windiiig,  233 

diuBetarof^  258 
r,  29s,  310 


Pumi,  Bifley  &  Ca,  301 
0011,296 

oomiacciiig  to  rods»  291 
Ocxnisli,  295 
direct-actnig,  298 
SmMltSoiis,  299.  300 


TkBmt»303 
Wofthingt 


OB,3» 


QrAi»BAra»293 

Qoftrtcvuiff « 96 

QttickMM,  stnkiiig  through,  94,  lai 

QoiDCj  Qa&inei»  U^8JL,66 


77       ^ 
Bull,  ARmngement  of^  19s 
ssgTudes,  243 
at  JQBCtions,  216 
fonnof,  175 

SiQg«o£.  177 
Tinir,  177 
length  of.  177 
sectioos  for,  176 
spccificmtkAs  for,  177 
BftmmeLsberp  Miiie.  drills  aft,  67 
Bamming.  44 
Bamxod  HallPit*  Soath  Staffordshire, 

Band  Drm  Co.,  65 

Beamer,  33 

Bcdmayne.  KAJ&,  on  boring,  35 

on  vorlang,  155 
Becvlftting  doors,  343 
Bclighting  safetT  lamps,  36S 
Bepairs,^! 
Beiserroiis,  air,  55 
Bervned  faults,  4 

BerolTing  screens,  39S 

tables.  402 
Bhflin-Prenssen  CoQieEy,   OtnoMBj, 

4» 


BMiter  on  spontanaoos  oonbod 

170 
Biding  oolnmn,  296 
Bigg  and  Iffeiklejohn's  oosl-cvtt 

machine,  68 
Bipping;  158 
B"i^ttg*i^i»i^  288 

Bonds,  129 

Bobinson's  washer,  414 

Boborite.  78 

Boche  la  Iffoli^re,  France,  108 

Bock  drills,  Adelaide,  62 

Brandt,  63 

electric  65 

Ingersoll,  61 

]farTin,6c 

sapports  for,  64,  99 

tripod,  65 
Bods,  boring;  19,  22 
BoDers  for  haulage,  194 
Boof;  ripping,  158 

suppoiting,  132 
Bope,236 

attaching  to  cage;  239 

boring,  24 

cappings,  239 

greasing  apparatus,  23S 

OTer  and  under  tnbe,  214 

threading,  224 

winding,  ooonterbalancing,  i 
Bope-ways,  boreholes  as,  36 
Boemberg,  L.,  on  blasting,  86 

on  tonnds,  67 
Botaiy  dzills,  42 

Bojal  Commission  on  Accident 
Mines,  318,  319,  355,  356 

on  coal-dust,  321 
Batherford  and  Thompson's  clip; 

222 
Byder's  lock,  366 

8ATSTT  cages,  26S 

cartridges,  77 

hooks,  267 

TslTes,  376 
Safety  lamps,  352 

Ashworth's,  365,  372 

Ashworth*s  Maeseler,  359 

bonneted  Maeseler,  359 

Clanny,  352,  353 

cleaning,  369 

deflector.  361 
design  of,  354 
gauze,  353 
glasses,  365,  372 
Oimy.  356 
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Safety  lamps  {continued) — 
Hepplewhite-Graj,  356 
loddng,  366 
Marsaat,  361 
modem  forms,  356 
Morgan,  360,  366 
Mueseler,  354,  359 

011,364 

oil  vessels,  365 

protector,  368 

relighting,  368 

Sight,  364 

Stephenson,  353 

testing,  355 

Thomeburry,  363 

Tin-can  Davy,  368 

wick.  365 

-wick  tabes,  365 

Wolff,  368 
St.  Adolphe  Pit,  Haine  St.   Pierre, 

fielgium,  123 
Salt  used  in  dusty  mines,  322 
Sandwell  Park  Colliery,  South  Staf- 
fordshire, 126,  232,  233 
Sawing  timber,  381 
Sawyer,  A.  R.,  block,  193 

on  strength  of  roof.  132 
Scaffolding  in  shaft,  107 
Schiele  fan,  333,  339 
Schanschieff's  battery,  371 
Scrapers,  44 
Screens,  390 

Briart,  392,  398 

combs,  397 

Coxe's  gyratory,  394 

fixed  bar,  390 

Greenwell's,  396 

Guinotte,  398 

gyratory,  394 

jigging,  394 
movable  bar,  391 

plating,  397 

revolving,  395 

spiral,  395 

trommels,  395 

varying  size,  397 
Seaham  Colliery,  Durham,  115 
Search  for  coal,  18 
Secondary  batteries,  370 
Segregation,  3 
Self-acting  inclines,  192 
Self-emptying  cages,  274 
Setting  timber,  methods  of,  13a 
Shaft  pillars,  149 
Shafts— 

deepening,  122 

form,  92 

Unlng.  93.  104 
position,  92 


Shafts  {continued) — 

sinking  by  boring,  1 18 
size,  93 
timbering,  93 
tabbing,  11 1 
widening,  125 
Shamrock  Colliery,  Westphalia,  63 
Sharpening  tools,  40,  43,  47 
Shenando^  City  Colliery,  Pennsjl- 

vania,  36 
Shipley  Colliery,  Derbyshire,  88 
Shireoaks  Colliery,  Nottinghamshire, 

118 
Shoeing  horses,  189 
Shoots,  loading,  403 
Shovels,  39 
Shatters  for  fans,  331 
Side-laning,  165 
Side  of  work,  165 
Sight  lamp,  364 
Signalling,  283 
Sinking,  92 

after  reaching  stone  head,  98 
by  boring,  118 
freezing  ground,  121 
Potts  vUle  shaft,  100 
pumps,  293,  300 
through  quicksand,  94,  121 
to  stone  head,  93 
upwards,  125 
Site  for  boring,  choice  of,  19 
Sizing  coal,  414 

Skelton  Park  Colliery,  Yorkshire,  222 
Skips  and  cages,  234 
Skirtings,  154 
Slack  rope,  taking  up,  211 
Sledges  and  hammers,  41 
Sleepers,  178 
Slickensides,  4 
Sludgers,  21,  26 
Smallman's  clip,  217 
Smith  8c  Moore's  lime  cartridge,  88 
Smithing  tools,  66 
Smokeless  powder,  76 
Sneyd  Colliery,  North  Staffordshire, 

265 
Snore  piece,  286,  295 
Soar,  C.,  coal-lowering  apparatus,  403 
Soldenhoff,  R  de,  on  coal- washing,  419 
Solenoids,  65,  66 
Sommeiller's  air  compressor,  49 
Sopwith,  A.,  photographs  by,  158 
Southall,  A.  B.,  on  guides,  247 
South  Staffordshire,  method  of  work- 
ing, 164 
South  Wales,  method  of  working,  161 
Sparking,  58 

Spaulding,  H.  C,  on  coal-cutting,  72 
on  electric  locomotives,  227 

2K 
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Spear  rods,  289 

Sperenberg,  boring  at,  34 

Spilling,  136 

Spiral  drams,  251,  256 

tf^pitzkasten,  414 

Splits,  341 

Spontaneous  combustion,  170 

Sprags,  134 

Spray  producers,  523 

Spring  pole,  21 

Spudding.  27 

Spurns,  166 

Square  work,  165 

Squibs,  80 

Stables,  190 

Stages  for  walling,  107 

Stall  and  pillar,  152 

Stall  roads,  156 

Stanley's  heading  machine,  74 

Stauss" props,  271,  277,  278 

Steam  coal,  1 1 

condensing,  260,  303 

engines,  iQJg,  248,  336 

expansion,  257 

jet  ventilation,  329 

lifts,  384 

loop,  196 

pipes,  37,  196,  380 

pumps,  298 

traps,  196 
Steam-ways,  boreholes  as,  36 
Steavcnson,  A.  L.,  on  fans,  338 

on  fire-damp  indicators,  372 
Steel  pit  frames,  233 

ropes,  237 

sleepers,  179 

supports,  137 
Stephenson  lamp,  353 
Stemming,  44 
Stocks  or  trees,  288 
Stokes,  A.  H.,  on  coal-dust,  321 

wick  tube,  365 
Stoking,  mechanical,  377 
Stone  head,  93 
Stoop  and  room,  1 52 
Stoppings,  342 
Stops  or  blocks,  193,  205 
Strata,  order  of,  6 
Stratification,  2 
Stretcher  bars,  64,  65 
Strike,  ^ 
Struts,  134 
Sturgeon's  valves,  53 
Sty  the,  314 
Subsidence,  149 
Suisse  on  Koepe  winding,  264 
Sulphuretted  hydrogen,  314 
Sullivan  Prospecting  Co.'s  hydraulic 
fec<l  29 


Snlzer  expaiision  gear,  260 
Supporting  pipes  in  shafts,  289, 294 

rock  drills,  64 

roof,  132 
Surveying,  35 
Suspend^  lifts,  293 
Swages,  66 
Switches,  180 
Syphons,  306 
Synclinal,  3 

Tables,  reroWing,  402 
TaiUes  choMsatUes,  164 

monfofitef,  164 
Tail-rope,  for  winding,  256 

haulage,  198,  20c,  225 
Tamping,  44,  87 

plugs,  87 
Tangyes*  steam  pumps,  303 
Taper  ropes,  256 
Tapping  water,  36 
Taza-Malissard  fan  brake,  194 
Tempering  tools,  43 
Temper  screw  for  boring,  26 
Ten-yard  seam,  S.  Staffordshire,  16S 
Tenders  for  boring,  34 
Tension  pulleys,  211 
Testing  safety  lamps,  355 
Thick  coal  working,  168 
Thermometer,  347 
Thomas,  J.  W.,  on  gas  in  coal,  15, 

319 
Thompson's  calorimeter,  12 
Thorneburry  lamp,  363 
Threading  the  rope  for  haulage,  224 
Throw  of  faults.  36 
Thurling,  131,  166 
Tiller,  baring,  20 
Timber,  kinds  of,  133 

preparation  of,  3S1 
Timbering,  93,  132 
Tin-can  Davy  lamp,  363 
Tipping  kibble,  loi 

waggon,  103 
Tipplers,  385 
Tonite,  79 

Tonkin's  valve,  299,  300 
Tools,  hand,  39 

for  rock  drills,  66 

sharpening,  40,  43,  47 

tempering,  43 
Trafalgar    Colliery,    Gloucestershire, 

309 
Transformers,  57 

Transmission  of  power,  36,  48,  56,  6^ 

195.  307 
Trasenster,  L.,  on  Koepe  winding,  264 
Trees  or  stocks,  288 
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Trench's  compound,  79 
Triger*8  method  of  sinking,  121 
Trip  expansion  gear,  258 
Tripod  for  drill,  65 
Th>mmels,  395 
Ttoagh  faults,  5 

washers,  414 
Thms,  132 
Tabbing,  11 1 

corrosion  of,  117,  329 

cost  of,  117 

strength  of,  116 
Tob  controllers,  281 
Tabs,  182 

arrangement  of,  for  haulage,  215 

attaching  to  rope,  202,  203 

changing,  272,  274 

circulation  of,  145,  272,  276,  282, 

383.  410 
keeping  on  cage,  236 
Tom  tables,  181 
Tjrldesley  Colliery,  Lancashire,   253, 

259 

UVCONFOBMABLE  strata,  5 

Undercutting,    see  coal-cutting   ma- 
chines, 
in  roads,  131 
Under  and  over  rope  haulage,  214 
Useful  effect  of  fans,  337 

Vacuum  Brake  Co.*s  appliances,  1 10 
Valves,  dancing  of,  54 

for  air  compressors,  52 

IngersoU-Sergeant's,  54 

pump,  292 

Bsdetjf  376 

Sturgeon's,  53 

Walker's,  52 
Van-Depoele's  coal-cutting  machine, 

Ventilation,  313 

distribution  of,  341 

during  sinking,  109 
driving,  131 

fans,  330 

furnace,  327 

measurement  of,  345 

natural,  327 

regulating,  341 

steam  jet,  329 
VisoTf  269 
/olt,  57 
iceberg  tunnel,  drills  at,  67 

¥addlb  fan,  331,  339 
Vadhook,  31 


Waggon,  tipping,  103 

Walker,  G.  B.,  on  cost  of  coal-cutting, 

73,74 

on  electric  locomotives,  227 
Walker's  brake,  214 

differential  pulley,  209 

fan,  334,  339 

hook,  268 

shutter,  331,  335 

valves,  52,  54 
Walling  stages,  107 
Walls  or  bords,  152 
Ward  &  Lloyd's  clip,  219 
Warwickshire   method    of    working, 

170 

Washing  coal,  414 
Water  cartridges,  77 

gaugesi  348 

supplji  37 

keeping  back  by  tubbing,  in 
rings,  106 
tapping,  36 
Watering  dusty  mines,  323 
Watt,  57 
Wedges,  41 

for  getting  coal — 
Burnett's,  88 
Elliot's,  87 
Harwell,  88 
hydraulic.  88 
Wharncliffe  Silkstone  Colliery,  York- 
shire, 36,  227 
Wheeler,  Prof.,  on  coal-cutting,  69 
Wheels  and  axles,  184 
Wick,  365 
Widening  bore  holes,  33 

shafts,  125 
Williams'  joint  for  pipes,  289 
Wills,  W.  R.,  tub-releasing  gear,  277 
Wiltion,  K.,  on  size  of  engines,  249 
Wind  bore,  286,  295 
Winding,  229 
engines,  248 

in  downcast  shaft,  280,  281 
in  sinking,  101 
Wire  belts,  402 
ropes,  237,  238 
rope  guides,  245 
Wolff  lamp,  368 

Wood  worth,  B.,  tub  controller,  282 
Working  branches  and  curves,   201, 
204,  212,  216 
coal 

bord  and  pillar,  152 
double  stall,  161 
homewards,  161 
in  the  broken,  154 
in  the  whole,  i  C4 
Lancashire,  156 
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Working  cotl  (eoiiltiiii«4)— > 
lODfnrmlU  156,  166 
methodB  ofj  149 
FennsjlvmniA,  168 
Mams  D6Ar  toeether,  169 
South  Suffordiihire,  164 
South  Wales,  161 
square  work,  165 
st«ep  seams,  162,  169 
thick  seams,  164 


Wooing  ooal  (oM^iaiMf)^ 
two  main  systems,  149 
Warwickshire,  170 

Workshops,  381 

Worthingtoii  8  pumps,  300 

TnsHlB  Colliery,  South  Wales,  333 
ZAVCEMROum  Colliery,  Saxony,  226 
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OBARLXa  ORJFFIN  h  OO.'B  PUBhlOATlOSS. 

THE    DESIGN    OF    STRUCTURES: 

Ppa«tlMU  Tp*»tl«*  on  th*  Butldlns  of  Bpldx«s>  RoolH  ' 


Dkgraois,  Eumples,  and  Tabid. 
Lai^e  CFOwn  8vo.     Cloth. 
ND    Edition,    Stvittd.     ICs. 


I.  It  nipplles  the  wuit,  long  fell  among  Studenis  of  Engineeriog  and 
Arcbitecluic,  of  a  concise  T«t-t><>ok  on  Structures,  reijaiiiDg  on  the  pari  of 
the  reader  a  knowledge  of  Elimbntarv  Mathematics  onlj. 

t.  The  subject  of  Gbafhic  SrATics  has  only  of  recent  jean  been  gcncnllj 
applied  in  tbis  country  to  determitie  ihe  Stresses  on  Fianied  Structures;  and 
ia  too  many  cases  this  is  done  without  a  knowleiigc  of  the  principles  upon 
which  the  scienct!  is  founded.  In  Mr.  Anglin's  work  (he  system  a  explaioed 
From  FIRST  PKiNcirLES,  and  the  Student  will  find  in  it  a  valuable  aid  ia 
detenninitig  the  stresses  on  all  iir^utarly-tramed  struoturet. 

3.  A  large  number  of  Pkacdcal  Examples,  such  as  occuc  in  the  erery-dajL 
experience  of  Ihe  Engineer,  are  given  and  carefully  worked  out,  some  being 
wived  both  analytically  and  graphically,  u  a  guide  to  the  SludenL 

4.  The  chapters  devoted  to  the  pmclical  siiie  of  the  subject,  the  Streogtli  ol 
JointX,  Punching,  Drilling,  Rivettiiu;,  and  other  pmcesses  coiineclaJ  wiUi  tbe 
manufacture  of  Bridges,  Rook,  ano  SlrucIuraJ  work  generally,  aie  the  resoU 
of  MANY  VBAFis'  BXPERIKNCK  in  the  bridge-yard  ;  and  the  information  given 
on  this  branch  of  the  subject  will  be  found  of  great  value  to  the  practical 
bridge-builder. 


o6k.'-BnJdtr. 

»vn  to  use  u  liltl«  nf  tbv  higher  mHthciiutiu  u  pouibic,  wl  hat  thus  dade  htt  tdok  t 
*!.  uiaTorm  P«AtTic*i.  Bwcwaaii.    .    .    .    Mier  careful  pcnuil,  wc  baniwiliiBi  In 
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aCIENTIFlC  AND  TKCMNOlOaiOAL  WORKS. 


GRIFFIN'S  NAUTICAL  SERIES. 

Price  Sn.      Pust-free. 

elementary'"seamanship. 

D.  WILSON-BARKEH,  Mastkr  Marinsb:  F.R.S.E.,  F.K,Q.8.,4a,io.j 

With  FrontiBpiece,  Twelve  Plates  (Two  in  Colours),  and  niuitratioDi 

in  the  Text. 

GE^'cltAL   CoMTEitra.— The  Bnildini;  of  a  Ship;  Parts  of  HuIL  Muti, 

fto.— Eojiu,  Knots,   Splicing,  Ac  —  Gear,    Lead  and  Log,  Ac.  —  RigginK, 

Ancbun  — Sailnuking  — TliE   Sails,    &c  — Handling    of   Bnata   under  full  ~ 

Signals  and  Signaliiae— Bula  of  the  Road— Keeping  and  Relievioi;  WaCoh— 

Points  of  Etiquette— Glosuay  of  Sea  Tsnna  and  Plira«o»— Indei. 

•,•  Tba  volume  ..aaUiIni  the  tf"  v,v\^  at  t>ii  ioid. 


■'  Fits  ■hiliiDii  will  b*  viu  amcT  on  tblt  Utile  booli.    Oin, 


Price  3i.  6d.     Post-fiee. 

NAVIGATION: 

PXKJl.CX'ICAi:.      ABTI>      rTHEOREXICAHh 

Br  DAVID  WIL-SONBARKER,  R.N.R.,  F.R.S.K.,  ic,  Ac, 

WILLIAM    ALLINGHAM. 
TOItb  TlumeTous  Jlluetiationa  and  Ciamlnatlon  ^ueetloitft  | 

Gknbbal  ContkMTS.— Dafinitiona — Latitnde  and  Longitude— Inntnunentt 
of  Navigation— CotTBCti on  of  CoureoB- Plane  Sailing— Traverse  Sailing— DaVi 
Work  -  Parallel  Sailing  —  Middle  Lntitude  S.'viling  —  Meroatori  Chart- 
Mercator  Sailing— Cuirent  Sailing — PuaitioD  bjr  Bearinini— Groat  Circle  Sailing 
— The  Tides— QaeBtion* — Appendii:  Compaa  Error— numeniua  Useful  Hinta. 
&0. — Index. 

"  PasciuiLi  Ihe  klnil  o(  work  roqnlreaforlliBNeirCortlBraMioloomptlBncjInra'les 
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w-Biun  (0M>l>ln-8nperlnuiiilenl  of  Uie  .SaatteaL  ColJega.  tUt.A. 

Down  miHr  cm  Us  aelenoe  of  NiTls*^oD  and  HauHca]  Aitrmaiax  " 
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/!tTv  Edition  IH  Prrpartitii-H. 

PHOTOGRAPHY: 

ITS  HISTORY.  PROCESSES.  APPARATUS.  AND  MATERIALS. 

CompriBing  Working  Details  of  all  the  More  Important  Methods. 

By    a,    brothers,    F.R.A.S. 


IftTH 


PACS  PLATES  Br  MANV  OF  7 


C£SSES  D£SCf!IB£D.  AND  ILLUSTltATIOf/S  IN  THE  7 
In  SvB,   Handsomi  Cloth. 

General  Contents.  —  Part.    I.    Introductory  —  Hisiorical 

Sketch;    CKemistry  and  Oplics  of  Photography;    Anificial  Light — 

Part  II.  Photographic  Processes.— Part  III.  Apparatus.— Part  IV. 

Materials.— Part  V.— Applications  of  Pholography ;  Practical  Hints. 

"  Mi.  BrallKn  hu  had  u  experience  in  Photngnpliy  in  large  iiid  (ujed  ihal  uy  mrt 

T>ACTicALMir.nue<>rciuTVALui.  .  .  .  AdmimWr'tDiop." -i-"''./*". «'/'*««*V*r- 
"  Fof  the  Illu>1r«tiims  ilonc,  the  book  in  Tnnit  LulerutiDfi^  but.  Apert  frmn  ibw,  the 

•oluDC  ■•  laliuble.  lirifhdr  ud  pleuanlly  •nllen.  ud  HOST  AimilAtLT  AIIU.Hcsi.~— 

Pktlfr*flac  Srwt. 
"Ceftainiy  tho  riHKSr  n.LDrrHATKD  HAVDanoE  in  Photofnphf  trbicb  has  vra  been 

PhoiofTipher  iniui  b 
been  publiihed.-^fcM 
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SCIBNTIFJO  AND  TECSNOLOOIOAL  WORKS. 
WORKS  BY  A.  WYNTER  BLYTH.  M.R.C.S.,  F.C.S., 

FOODS: 

THEIR   COMPOSITION  AND  ANALYSIS, 


GENERAL  CONTENTS. 
History  of  Adulteration — Legislation,  Post  and  Preseat — ApfHTitoi 
naeful  to  the  Food-Analyat— "  A«b  "  —  Sugar — Confectionery— Honey — 
Treacle — Jama  and  Preserved  Fruits— Starches — Whea  ten- Flour— Bread 
—Oats  —  Barley  —  Bye  -  Rice  —  Maize  —  Millet  —  Potato  —  Peaa— Chinaw 
Peas  —  Lentils  —  Beans  —  Milk  —  Cream  —  Butter  —  Oleo-Margarine  — 
Butterine — Cheese — Lard — Tea — Coffee—Cocoa  and  Chocolate — Alcobol — 
Brandy— Rum— Wbiaky— G  in — Arrack—  liq  ubbib — Abainthe — Priaciplei 
■of  Fermentation  —  Yeast  —  Beer  —  Wine — Vinegai  —  Lemon  Bod  Lime 
Juice — Mustard- Pepper— Sweet  and  Bitter  Almond— A noatto- Olive 
Oil  —  WiTKB  —  Standard  Solutions  and  Reageuta.  Appendix:  Text  of 
Eagliah  and  American  Adulteration  Acts. 

PRESS  NOTICES  OF  THE  FOURTH  EDITIOH. 


"Tm  a 


>iiMiub.wsbis1ieT«,th 


.■ulJMI 


■J  paga  gl; 


Tbs 


TJmQ'^^ 


POISONS: 

THEIR  EFFECTS  AND   DETECTION. 

Third  Edition.      In  Large  Svo.  Cloth,  with  Tables  and  Illuatratiom. 

Price  21a. 

OENERAL    CONTENTS. 

I. — Hiatorical  IntroductinD.    11. -Classification — Statistics- ConneotioB 

between  Toxio  Action  and   Chemical  Composition — Life  Tests— General 

Method  of  Procedure— The  Spectroscope^ E lamination  of  Blood  and  Blood 

SUins.      IIL— Poiaonous  Gaaea.     IV.— Acids   and   Alkalies.      V.-More 

or  less   Volatile  Poisonoas  Subatancaa.      V[.— Alkaloids  and   Poisonou 

Vegetable  Principles.     VII.— Poisona  derived  from  Hvmg  or  Dead  Animal 

SnbstaDcea,     VIII. —The  Oxalic  Acid  Group.      IX,  — Inorganic  Poiaooa, 

Appendix :  Treatment,  by  Antidotes  or  otherwise,  of  Cases  of  Poisoning. 

"  UsdaflbtfKllv ' 
Ac  TMrd  BiNllM>. 
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OBAMLMS  QMIFFttl  *  CO.'B  PUBUCATWSa. 


MINE-SURVEYING   (A   Text-Book    of); 

ftr  tim  HM  of  MoJtagen  of  Minaa  onrf  CollitriM,  Stadmita 
at  tin  Ko^al  School  of  Kinas,  Ae. 


Br    BENNETT    H.    BROUGH,    FG.S., 


Ltlm  lutnieui  of  UiBc-SancTiift  Rani  Sehael  sfMiai 


With  Dngmni. 


netic-N'eedle- 


iXB  Edition,  Entarged  and  Rerised.     Oalh,  fl 

Gin  RIAL  CotnnrK. 
— ^Icuuremeal  of  Diiuiic«i — Mincr'i  Di>t— VariattOB  pi 
X  htmptetic -Scsdie — SnrveyiDg  wilh  the  M«gn«t]C-N«nUe  in  pnaence  of  Irtn — 
Sorvcfuig  with  Ihe  Fixed  Nmlle — Gennu  Dial — Thccxlalite — TnTEnuif;  Uods- 
gTattnd— Sn^ce-Survcrs  with  Tbeodolite-~Plot(iEi|;  Ibe  Survey— OlcoUlion  tl 
AnM — Levcllme — Couneclion  of  U  ndergtound-  and  Sur6ce-Si)rTe)r»— Meamnnf 
DisUDcei  bf  Tdocopp— Setiing-out— Muw-SortFying  Problcsn*— Mine  Pluk— 
ApplkMioiix  of  Magn^ic-Ncedle  in  Mining — Affendua. 

"Hu  rmovci  hiclfa  vhujabli  Text-book ;  th<  BiCT.  •inOL  ihc  iuIt one,  ia  ibe  Eat^ith 


tvoek:  s 

By  WALTER  R,  BROWNE,   M.A_.  M.  Inst.  C.E., 

Liu  FcUow  sf  TrintIT  CoUt(<,  Cubridft. 


THE    STUDENT'S    MECHANI 

An  Introduction  to  the  Study  of  Force  and  HoUon. 
With  Diagisnu.     Crown  8vo.     Clolh,  4s.  6d. 

"Cl«.  in  inieand  rnclical  is  mtlhod.  'Thb  STUonn't  MaCKABIi 


FOUN  DATIONS    OF 

Papera  repiinted  from  the  Enginttt 


mechanic; 

In  Crown  8»0,  Ii. 


FUEL    AND    WATER: 

A  Manual  Tor  Users  of  Steam  and  Watar. 
B»  Pkof.  SCHWACKHtJFtR  and  W.  R.  BROWNE,  M.A.     (Seep.  44.} 

LONDON  :  EXETER  STREET,  STRAND. 
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SCIBNTIFW  AND  TKBNOLOOIOAL  WORKS. 


GAS    MANUFACTURE 

(THE     CHEMISTRY    OF). 
1/  Hand-Book  on  the  Production,  Purification,  and  Testing 
of  Illuminating  Gas,  and  the  Assay  of  tfie  Bye- 
Products  of  Gas  Manufacture.    For  ttie 
Use  of  Students. 


.  J.  ATKINSON  BUTTKRFIELD,  M.A.,  F.C.S.. 

H»d  CbmiUt,  Ou  W«rk(,  Berktoo.  Londun.  K. 
irifA  A'umerxnM  lUuttrationi,     Jfandtomt  Clolh.     Price  9t. 


GENERAL  CONTENTS. 

I.  Baw    Materials   for    Gas      Yt.  Pinal  Details  of  Maan-J 

Hanof actor  e.  ^                facture. 

II.  Coal  Gas.  Til.  Gas  AnalyBis. 

III.  Carbnretted  Water  Gas.  ■  VIII.  Photometry. 

IT.  Oil  GaB.  IX.  Applications  of  Gas. 

T.  Enriching  by  Light  Oils.  X.  Bye-Prodncts. 


>1«>.    The  Cbapten  on 


dull  primuHjr  nth  tb<  brJiniT);  preccwai  of  Gas  MAHtifAOTUsa 
counlij,  and  nimt  Mpecallj  M  indicsting  tha  jrrindpltt  on  whinh 
!  mora  modini.  bat  u  jtl  snbiidiarj,  prtxtosa  an  fulljr  tnnMd 
on  Oat  Analsl"  ">i  P/wlomttTy  will  enable  tho  tunmniBr  lo 
,  . . .   -  /  whicb  tlwt  qoalitf  of  the  gu  be  oua  ii  Moutiined,  aod  in  Ui« 

pWr  on  Tht  Applicali</nt  o/  Oai,  not  onlj  ia  it  dJKiUMd  u  an  illuniinant.  but 
m»  a  nadf  aanrc«  ot  b«l  and  inwcr.  In  tbe  final  Chapter,  an  itlampt  baa  b«n 
*tf>  traoa  m  a  rudil^-intelligible  manner  the  extraction  of  the  principal  derivati*ea 
.  tba  crude  BTK-rRODUcn.  The  worli  deala  inddentall;  with  the  moiC  modern 
lopnunt*  of  Che  induatrr.  including  infrr  alia  the  commoroial  prDdootuo  and  ■ 
of  acetylene  and  the  applicadon  of  oompnasadgu  for  SCnctTraotion.  Tba  ne«da  J 
le  StadentB  in  Teahnicai  Collegea  and  Claaaaa  bare  Cbroogboot  twen  kept  La  vieir.  g 
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CHABLKS  GRIFFIN  *  CO.'S  PUBLICATIONB. 
Works  by  GBENVILLE  A.  J.  COLE,   H.B.I.A.,  F.G.S., 

ftvfaKr  o(  Gsalofy  Ln  Ihi  Royll  CstlcgE  •>(  ScKDCe  Itx  iFctaud. 

PRACTICAL     GEOLOGY 

<AIDS     IN): 

W/TW  ^   SECTIO.V  ON  PALEONTOLOGY. 

Skcohd  Edition,  Revijed.      With   lUustntions.     Cloth,   ttn.  fid. 

aSMERAL     CONTENTS.  — PART  I.— SAXPLiNG  OF  the  EaiWI 

Cbust.      part   11.— Examination  or  MlHBtALS.    PART  111.— Eiakim*. 

TioN  OF  Rocks.     PART  IV.— Eiamihation  or  Fossils. 


m  tke  hi^bcM  iJrGice 


OPEN-AIR      STUDIES: 

An  Introduction  to  Geology  Out-of-doops. 

With   12  Full-Page  Illustrations   from   Photographs.      Cloth.      Aa.    6d. 

Gknbbal  Contents.— The  Materials  nf  the  Karth— A  Mountain  Hollow 
— Down  the  Valley— Along  the  Shore — Aureus  the  Plains — Dead  VolcBADca 
—A  Granite  Highland— The  Annala  of  the  Earth— The  Surrey  HilU— The 
Folds  of  the  Uountuaa. 

"TliB  r.Mnmm'O  -Orai-Aim  Snmits'  ot   P«.r,  Com  r\n  lbs  mbjeoi  •  slow  o* 


«  j;lTB 
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SOIBNTIFIC  AND  TECHNOLOOWAL  WORKS. 


SEWAGE    DISPOSAL  WORKS: 

I  A  Guide  to  the  Construction  of  Works  for  the  Prevention  of  Om-% 
Pollution  b;  Sewage  of  Rivers  and  Estuaries. 


W.   SANTO    CRIMP,    M.Inst.C.E.,    F.G.S., 

LiH  Amiuul-EDsiDccr,  Lasdon  Cmuit  CsudiiL 
|-With  T>blu,  lUmtnliont  in  the  T«it,  and  37  Lnhoerapliic  PIMcl     Mediui 
Sto.     Huidiome  Golh. 
Secohu  Edition,  Rkvcseo  and  Enlarged.    309. 


I  Settling  Tanlu. 

vnauiBini.crPeUutiMUkndRKataiiMsd*-  '  Chcniail  PnmHi. 

tuu  of  VariDui  CnmmiuiDiiL  I  The  Diipaa]  of  Stwut-^udf  t. 

Hourly  ud  DuIt  f I<»  of  Senfe.  The  Pnismian  at  C^  ler  Sci 
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By   J. 


"WORKS 

R.    AINSWORTH    DAVIS,    B.A, 


DAVIS  (Prof.  Ainsworth):   BIOLOGY  (An  Ele- 

■Dcntaiy  Text- Book  of).    In  large  Crowo  8vo,  Clolh.     Second  Edition. 


Past  I.  Vecetablk  Mi 

Glossary  and  laS  Illiul: 

PutT  II.  Ahiual   Mokfkologt   and 

Glouaiy  and  io3  Illiuli 


Phtsiolooi.     Wiib  Complae  Inda 
lions.     Price  8s.  M. 

Physiology.    With  Complrii 


Price  II 
LD     SEPAHATELV, 


\*  NoTB — The  Second  Edition  has  been  thoroughly  Renised  and  Eolari 
and  include*  all  the  leading  selected  Types  in  the  various  Organic  G 

SrilbhMrdkal/immal.  fgM»«n 

"  Funukliu  X  cLHAif  uid  cohtraiHiHBJVc  4jipo«ili«i  of  thv  mubJtcL  in  ai 

1."-  SatirdMf  /ttwirtn. 

"  Iil(nlly  n,acmo  wilh  ialbnu(iaiL~— C/s^fw  ItrdUiUJimnutL 


DAVIS  (Prof.  Ainsworth):  THE  FLOWERING" 

PLANT,  as  Illustrating  the  First  Ptinciples  a(  Biitany.     Laige  Crown 
Svo,  with  numerous  I llusi rations,     31.  6d.     Second  EDITION. 


DAVIS  and  SELENKA:  A  ZOOLOGICAL 

POCKET-BOOK:  Or,  Synopsis  of  Animal  Classification.  Compiiiing 
Definition)  of  the  Phyla,  Classes,  and  Ordeis,  with  luiplaDatory  Kemarlu 
and  Tables.  By  Ur.  Etnil  Selenka,  Professor  in  the  llnivcrsitjr  of 
Erlangen,  Authorised  English  truulatioo  fiom  the  Third  GemutO 
Edition.     In  Small  Post  Svo,  Interleaved  for  the  use  of  Sludenli.     Limp 

"Dr.  Sclinks'i  UnDual  will  bt  foiiBduKAil  brail  Siudmuar  Zoolutt.    Il  in  eoHra» 

the  asiiiiitt  snrUI.  "—£</»■.  UiJ^Jnr^nL 
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withoia  Boflor. 

By    BRYAN    DONKIN,    M.Ixst.CE. 

Sici'XD  Ei'moN,  Kmi<c  :Lrr»2^Dc:  aad  EnUx^ged.     With  nimiaroos 
A5±:ico^  ILcssr^DOBL     Luge  Svo.     25s. 

Frgttci.  Azii   GcTSAii  Gw  Ex^^iacft — G«s    Vtoijactxm  tor  Modve  Pp»ti— 

ctf  taac  Gu  Fng— ir — Cbeauc^  K.fwrnru9a:m  of  G«ks  in  Gtts  Emiibc*— Udlimiaa  of 

c  »ik^  OokUKCASL      OOBoiarss-HisatT  jnd  De^k>yc«    Vaiioai 

ix^  A&i  c&be;  v^.  Extfao.     BoC-AIr  RugtlMlf  5— Hicory  and  Dcrdop- 

K  Ac.  &C. 

0£.  ud  Air  EaciBe&.    .    .    .    Wm  be  of 

.    ,  -    -    Sir    Donkia  has  tbe   admnUfe  of   UMic 

l:e>ck.  csKrumi  vsik  hicb  scstrnrrc  >n>  ■xpmxnuxTAL  kmovlsdcb. 
i:k  c/  tW  recKVMexts  of  Exif  seen.*— rir  £^>^^w»i. 
■mAjmLT    k.acoMwi3ci>    Mr    Dcmiim'*  varic    ...    A    ■!■— 1I  of  carafid 


By  the  Same  Author.  [Shortly, 

THE   HEAT   EFFICIENCY   OF  STEAM    BOILERS 

(LAND     AND    MARINE). 

Many  Expchrcea:*  or.  Mar^y  Typ<s,  showijig  Results  as  to  Evaporatioii, 
Hea::r.^  Vi-jr  .:'  K=c'..  Anilyvs  ut  i.ia>e5w  A:c..  &c.  By  BryaN"  Donkin, 
M  Insi-C  t.     Wi'j:  IIlusrraiK'Cs  and  Table*.     In  410. 


INORGANIC  CHEMISTRY  (A  Short  Manual  of). 

By  a.   DUPRE.    Ph.D.,  F.  R  S^  and    WILSON    HAKE, 

PkD^  F.LC.  F.CS..  of  eke  Westwatter  Homkal  Medical  SckooL 

Second  Edition,  Rerised.      Crown  8to.      Qoth,  7s.  6d. 

'*  a  wcU-whttea.  clear  and  accurate  Eieiaeatary  Maanal  of  Inocxaaac  Owiiiliy.    .    .     . 
Wc  acrre  heaniiT  ia  the  srstem  adopted  by  "DTi.  Dupr^  and  Hake     Will  makb 
imrrAL  Work  trhblv  intkkkstinc  bbcavsk  ixtblugisls." — Satmrtd^y^  Xfview. 

"  Tlkcre  ts  do  questkm  that,  jri^en  the  raaPBCT  gcounding  of  the  Stodeot  in  Ua 
eke  remainder  comes  afterwarus  to  him  in  a  ounner  much  more  simple  and  easily 
Tbe  work  is  an  kzamflb  op  the  adyantagks  op  thk  Systematic  TKSATMBirr  of  a 
Science  over  tbe  frafmentarr  style  so  generally  felk>wed.  Br  a  long  wat  Tm  BBST  of  the 
amall  Manuals  for  Students.*— >l«A/yx/. 


EWART    (J.    Cossar,    M.D.,    F.R.S.E.,    Regius 

Profesiior  of  Natural  Hi«inr)-,  University  of  Edinburgh). 

HINTS  OX  THE   PRKSKRVATION  OF  FISH,  in  Reference  to 

Food  Supply.     In  Crown  8vo.     Wrapper,  6d. 
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13  Litho^rapkii  Plata.       Hatidituni  Cloth.      Frill  Jcu, 

BRIDGE-CONSTRUCTION 

(A  PRACTICAL  TREATISE  ON); 

Being  a   Text-Book  on  the   Constractioii   of  Bridges  In 
Iron  and  Steel 

FOR  THE  USE  OF  STUDENTS.  DRAUGHTSMEN,  AND  ENGINEERS. 
By    T.    CLAXTON 


'.  FmLEB'H  BCCCESFi  uiacii  from  the  combiDatior 

REiTMFNT  displnyed  on  flsery  p»ge.     .  Theiiry  ia  kept  in 

iUhordinatioD  to  practice»  an*!  liiB  book  is.  thenforfl.  as  UHf^ful  to  girdftr-TQiiken 
■H  to  atadeuta  of  Uridge  Conntnictioa,"— ("  TAc  ATcKittii"  on  Iht  ^teand 
EditioB.I 

''  Of  late  jeut  the  American  treatiiea  on  Practical  and  Applied  Mechanioa 
Lave  Uken  the  lead  .  .  .  Bince  the  openiag  ap  of  a  vaet  coDtineiit  haa 
pve.a  the  American  engineer  a  number  of  now  bridge- probl elm  to  anlv* 
.  .  ,  but  we  look  to  tb«  FKnBNT  THKinai  oh  BRiDoi-CoNSTKuaTioN.  and 
tbe  Forth  Bridge,  to  bring  ug  to  the  front  again."— £Tvm(«r. 

'*  One  of  the  vbkt  but  rickut  works  on  the  Strength  of  Materiali  aD<l  it« 
•p|)Ii cation  to  Bridge- Construction.         .     .    Well  repays  a  oareful  Stud]   '  — 


An  uiDiaPKKBiBLB  BAltDBOOE  for  tha  practical  Engineer."— il^atvn. 
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A  Simple  Introduction  to  Real   Life  In  the  Plant-world, 
Based  on  Lessons  orl^nally  ^ Iven  to  Country  Children. 

By    ELEANOR    HUGHES-GIBB. 

With  IlluslTBlions.     Crown  Svo.     Ciolh.     as.  6d. 
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"  The  child's  Attention  in  lirat  secured,  and  then,  in  language  bihflK.  rKT 

^m      HUD«TtPtCAl.LY  AOCITKATB.  the  firat  leaaoijB  in  pUnt-lifc  are  set  before  it."— 

K,  Saturai  .-i: ' 

^V  '   "Ine 

^H   flieyoat 


LONDON:   EXETER   STREET,   STRAJTO. 


OHARLSS  ORIFFIS  S  CO.'S  PUBLWATtOSS. 


ORE  &  STONK  MINING. 


C.  LE  NEVE  FOSTER,  D.Sc,  F.R.S., 


Second  Edition.     Wiih  Frontispiece  and  716  lUuslnitiiiiu.    341, 


n,  ud  ii  fuQr  ju 


■ciioUru 


GENERAL  CONTENTS. 
INTRODUCTION.  Mad«  of  OcoUFranee  of  HlnaraU:  ClunfiostiDn:  Tsbalir 
Deponu,  Mums— K»«inplw:  AImn,  Amber,  Anlinmnj,  ArHDic,  AsbwUil,  Aaphilt, 
BarvM,  Boru,  Bono  Acid.  Carbonic  AciJ.  CJsy,  CobJt  On,  Copper  Ore,  Diunondi, 
Klinl,  Fr«tone,  UoJd  Ore.  QraphiCc,  ajrpaum.  Ice.  Iron  On.  Lad  Ore.  Muinuw 
On,  Miu,  Nftlurd  Ou,  SiUata  of  Soda,  Owkaritc,  Petroleum,  Pbwphnle  of  Umr, 
PoiuNuiii  »alu,  Quirduilrer  Ora,8iJt.  Silnr  Ore,  Slate,  Sulphar,  Tin  Ore,  Zinc  Ore, 
Faulta.  rrospMtlBB:  Ohuoa  DuooTcriM  —  Advetidlioiu  Finda— Gealocr  u  a 
Qolda  to  Minsrab— Aaoeiated  Mineral*— 9 urAwe  Indicatioin.  Borlns:  Vtt^  ot 
Ron-holei— Matliodi  of  Borinit  Uoln:  1.  By  Rotation.  iL  B^  PereiMion  *ilh  Kudi, 
.  B)r  Parounion  with   Rope.      BlWddDg  Oraund :     Rand  Tools—Hachineiy— 

'""■""    "'  " "-cawtinf  MuhiDsrT:    i.  Steam  pijt^n,    ii.  Dredfo, 

»    or   .u     o,      ™™     ,        „   .n-  ._r,__''nj'e^nj^ 


holn — Uudervround  V 
UnderKToiind:  by  Sliw 
Boat!— Cud veyuice  il" 


- ,     Sqpi 

.     Bxptoltatlon  :  Open    Worki :— Hydnalic    Mi ,. 

undor  Waif r-Ki tract! on  of  Hinerata  by  WelU  and  B^ 
irkingi— BbJi— Vain»-Ma«s«,  Hkulsn  op  TFuixpoFt: 
I,  PipM,  Persons,  Sledpre^  TehiolBi,  Kulwayi.  Maohinan, 
"-uuDd.  BolEtlDS  or  WindlDB:  M»Ion.  Drama,  and 
M,  and  AttaoliDienta— KecBptaclea-OtlMr  AppliatHw— 
ipea—PneuniMio  Houtine.  Dnliun :  Surtuw  Watv 
-SiphoM-Winding  M^binerT^-PDinpiii«  EnfinM 
aoDTe  fcrnuna— rumpina  anKinea  belom  (TODnd — C'Miperalin  Paminnrr.  VbiUIIbp 
Uon:  Atmoaphere  of  Hin»-Cauwa  ot  Pollntion  -'  Aii^V.m™]  ¥».rii.K~_ 
ArtiSdal  rentilalion :  i.  Furnace  Tentllalian.  11.  M 
the  Quality  of  Air— Heaanrinir  tbe  QiiantlQ>  and  Pn 
Tsntilatinit   Appliancea  —  Keaiatanoe   cauHd    by   Fi 

Dajligtht  — Candlea— Torohea— l*nrip«-Well»  Light-  _ 

Ll(ht.  DMeentand  Atoaat:  Blspi  and  Slides— Ltd  den— Buoketi  and  Cane— Mao 
Bniiim.  DrMWlnff:  L  Meobuiioal  ProcoHi:  Waihiiig,  Hand  Piokina,  Bnakinc 
Up.  Cumalidatian,  SoreeniDc  —  ii.  Proo«aie>  dependInK  on  Fhyiioal  PnKwrtiei: 
Holion  in  Water.  Motion  in  Aii^Daticoation— Llgaebctiva  and  IliiClllatiaa— 
Marnstio  Attraction ~iii.  Cbemical  ProoeiMt :  Solution.  KTaponUon  and  CryMal- 
tiaatian,  Atmoaplieric  Wealhertni,  Galoinatinn,  Cementsllon,  AnulRBmation— Ap- 
plication of  Procmae— Loaa  in  Urtaainii— Stsiplina.    PrlnoIplM  of  BmplonnMit 

ning  LabouP:  Payment  by  Time,  Msmut^or  Weiehi-By  Combmaiion  of 

-By  Value  of  Product.  LeglslatlOD  KRiMtliir  KIiiBS  and  Qusprfes: 
v..,rnbip-TaiatiDn-Workinj;lt«KuIaUDn3-Meta11>rert>u>  Minei  Heirulaii.m  Acta 
—Coal  Minea  ReKnlition  Act-Other  Statuia.  Condition  of  the  Miner :  CIcthiH 
-Houging-Kducation—Siokneia— Thrift— Recreation.  Accidents:  Death  Kate  of 
Minen  from  Accidenta— Kelativa  Accident  Mortality  Underground  and  Aba«»- 
KTOund— ClauiiicBtlon  ot  Accidenta— Ambui an ce  Training. 


'1  Framw— H 


»Mt,  Cbaii 


lioal  Ventilation— TeMinc 
or  the  Aii^ESciena*  A 
.  LlBhtlnir:  Befleoled 
7   Lampa— r^  "     "■---- 


BOIENTSFIC  AND    TSCHNOLOOICAL    WORKS. 

SeCmNIi  ElilTlD.N,  85.  6d.      Lealhcr,  (or  Ihs  Pockpl,  8s.  6d. 

GRIFFIN'S  ELECTRICAL  PRICE-BOOK. 


H.    J.    DOWSING, 

al  Eiei'Urr,;  t/tkt  Sixilltt/  ArU;  tf  At  Ltndam 

\trt/CtmwuTa.t<1. 

DiHoTis  <Li.  HiriTiiiv  ibout  ihc  COM  of  Blccirical 

vjll  be  enrolled  by  ulituutg  dectiidty  en  a  Idur^E  ot 


GRIFFIN  (John  Joseph,  F.CS.) : 

CHEMICAL  RECREATION'S:  A  PopaUr  Manual  of  EipeHmelttl 
Chemistry.  With  540  Eagravings  of  Apparaliu.  TtiUk  EiHtiait.  Crows 
8vo.  Cloth.  Complete  in  one  volume,  Pam  I,  ind  II.  Cloth,  gil' 
lop.  12/6. 
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if  ales  anj  Vteloria. 
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Materials — Apparatus  for  Measuring  Force — Blasting  in  Pleiy  Mines— Mean*  of 
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i 

BOIEHTIFIC  AND  TSOHNOLOOICAL  WORKB. 

GRIFFIN'S    NAUTICAL    S ERI EsT 

Editbu    by    KDW.    BLACKMORE, 
MuMr  Uirtner,  Vlnl  CIhm  Trinity  Home  Ci-rtLfluiU,  Auoc  ImC.  K.JL ; 

Ahu   WkITTEN.  UAIRLT,   b;  SULUHS  (or  HIU/IKS. 

In  Crown  Soo.        With  lUintralioni  and  Plait*. 


T  Stin'  OumiA  hnia  the  wuoLS  Sbries  u 


UJd  iLti^BTHATICii."— ZintTHHl  ^DUfli.  i^  Otnnvnmw. 


The  British  Mercantile  Marine :  An  HiatoHcal  Sketch  of  its  I 

■nil   n».i.lnnm»nr       Rv  the  BlUTOR,  C'APT.  BLiCKBOBB.     S«.   M. 

.    .    mils  with  luerul   lalormoUoa.     flhOBld  b 


Elemental  Seamanship.    By  D  Wtlson-Babi 


Know  Yoar  Own  Ship:  a  Simple  Explanation  of  the  Statnlit^r.  Cob^fl 

"" — "' —    """""  — ,  and  F»eboard  (-"*-■---     ■'    '^- —   "-  — —-   *' — ■   ■ — »->■—*-  ^ 

..    Shipe'  Offimi.  C 

ncroiii  IlluitnitUini.    TUIHD  Eur 


ahlpi.    By  THoe.  Wuton,  N»al  AnhllM|[  ■ 


•ecturer  to  Shipe'  Offimi.  OoTommcmt  Nivigition  Sclmol.  Leitb. 
"  MH.  Walton's  bouk  will  be  (oddiI  vsbt  MiUVh."~Tlte  Bngit 

Navigation :  Theoretical  and  Practical    By  D.  Wilhus-Bai 

Mul«r  MariDsr,  Ac,  and  William  Allimouam.    Si.  M. 
•'pRKiBKir  the  kind  ol  work  required  for  the  New  Curtldcatai  o(  «ainMt 
■nidfli  trom  Second  Ifite  Ui  eitn  Muter.    .    .    .    Candldntes  will  And  It  t 


Practical    Mechanics :    Applied   to  the   requirementB  of  the   ! 

By  This  IHi^keshk,  Muter  SJnrliier,  F.R.A.B.    S«.  ed.  ^ 


Practical  Algebra.    By  Rick.  ( 


Ti 

L 


A  Medical  and  Surgical  Help  for  Shipmasters  and  Officers 

IS  THR  tlKiiniAST  Na\  v.  InclndlTiR  FIrat  Aid  At  Rta.  By  Wm.  Juu».''u)<  SMira, 
F.B.I1'  S.,  Prlni'i]>a)  Medloal  U«cer.  H«iudiui'>  Hotpltnt.  Greeimlcb.  WtUi  Illiiitrft- 
tlwu  and  Coloured  Flutei,    Hnn-lwime  Cloth,  (la. 


LONDON:   EXETER   STREET.   STRAND. 


OBARLKS  GBirriir  S  CO-'S  PUBLIC ATIOITB. 


I 
I 

H       Hygier 
^1  Consi 


Griffin's  Geological,   Mining,   and 

■ 

Metallurgical 

Publications. 

■ 

Geology  (Stratigraphical), 

R.    E>rHEKlDOE,      . 

W 

..      (Physical).    ,        . 

Prof.  Seblby, 

3* 

„      (Practical),  . 

Pbof.  Oole, 

IS 

„      (introduction  to). 

12 

Mine  Accounts, . 

Pkof.  LiwN, 

2& 

Mine-Surveying. 

B.  H.  Bhouoh, 

10 

Mining,  Coal,     . 

H.   W.  HuGHKS, 

2( 

Ore  and  Stone,  . 

Prof.  Le  Nkve  Fostkb, 

IS 

Blasting  and  Explosives, 

0.    GUTTMANN,       . 

19 

Assaying 

J,  J.  k  C.  Berinoer. 

8 

Metallurgy, 

Phillips  akd  Bauekman, 

34 

,.     (Introduction  to). 

Prop.   Roberts-Adster, 

«l 

,,    (Elementary),      . 

Prop.  Seiton,     . 

46 

Gold.  Metallurgry  of. 

T.  K.  Eo8K, 

43 

Getting  Gold, 

J.  C.  F.  Johnson, 

28 

Iron,  Metallurgy  of. 

Thob.  Turner,    . 

60 

Electro-Metallurgy,  . 

W.    G.    M'MILLAK,         . 

» 

Electric  Smelting.    . 

BoKCHKftSANuM'MlLUir 

29 

Griffin's  "Health"  Publicat 

ons. 

1 

Ambulance, 

Dr.   Ridiiell, 

Disinfection  and  Disinfec- 

tants,     .... 

Dr.  Ridbal, 

39 

First  Aid  at  Sea,     . 

Wm.  JoHNaoN  Smith,  . 

40 

Foods  and  Poisons, . 

A.  Wynter  Bltth,     . 

9 

Hygiene 

SiTRo eon-Major  Davij*, 

14 

Practical  Sanitation, 

Dr.  Gko.  Rkid,  . 

39 

Sewage  Disposal  Works,. 

Santo  Orimp, 

IJ 

Hygienic    Prevention   of 

fDa.    Squire.       {See    Medical        | 

Consumption, 

\          Catalogue.] 

_ 

1 
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A 


KlIBtlTIFW  AND  TiKBNOLOOWAL  WORKS. 

Grifflfl's  Chemical  and  Technological  Pnbllcations. 


MM.  Blount  akd  Bloxam, 


Chemistry  for  Engrineers 

and  Manufacturers. 
Bleaching-    and    Calieo- 

Printing:,  Geo.  Duekr, 

Brewing:,    ....       Dr.  Sykes, 
Cements G.  R.  Redgrave, 


Disinfectants, 
Dyeinff, 

and  Cleaning. 
Fermentation,   . 
Foods.  Analysis  of,  . 
Gas  Manufacture, 
Oiis,  Soaps,  Candles. 


Dh.  Rideal,        .        .        a 

MM.  Knecht  and  Rawson,  2' 

G.  H.  Hurst,      . 

Lafar  and  Salteb, 

Wtkter  Blvth, 

W.  Atkinson  Butterfield, 

Dr.   Alder  Whiobt,  , 


25  , 


Painters'  Colours,  Varnishes,  G.  H.  Hurst, 
Petroleum,  5IM.  Redwood  and  Holloway, 

Photography,     ...        A.  Brothers, 
Poisons.  Detection  of.  Wyntbr  Bltth, 

Textile  Printing:,  Seymour  Rothwell,  . 


B      In  Large  8vo.     With  Nuineraus  Ulustrattmis.    Price  7*.  6(1, 

^/-ALVES  AND  VALVE-GEARING: ' 

A   FRACTICAI.   TEXT-HOOK  FOR  THE  USE 
OF  EA'GiNEERfi,  DRAUGlITSMEfT,  AyD  STUDENTS. 


CHARLES    HURST,    Practical    Draughtsm 

-  UskrvL  inrl  noioDaiiLt  Fumou.  Will  nndoDMsdly  br  found  or  bkiii 
1  oooconied  with  tUa  d««tgn  of  Viiw-gMrlng."-  Mthanicat  Worl-t 

••  Dodl  Willi  Id  4  iiHixl  ud  iHTHHiiha  mudsr.  ,  .  AtniMI  >ti 
j,TiJtDiI  ItigMrlniiaclnrl  mi  Forlh.  *nd  lllDitncd  Id  iiiDb  ■  VHf  ■*  to 
rpnDivw-D  aDd  FftjicmtLLT  AFTUat*  by  althar  th«  Kug^aaar.  DraajEhuinaTi 
-    .    should  prara  botb  mirDL  uid  f  ai  uilb  to  all  En^lnaani  »  ehms  fur  u 


— nw  Scirnlil 


L 


>iihpuiLed  by  diafframi 


LONDON:    EXETKK   STREET,  STRAND. 


OBARLSa  QBtFFIN  *  OO.'S  POBUOATIOlfa, 

COAL-MINING  (A  Text-Book  of): 


HERBERT    WILLIAM    HUGHES,    F.G.S., 

Auw.  Rural  SchaaL  of  Miaei,  Ccnibnlnl  CaUierr  UinxiB. 

Third  Edition.     Im  Demjr  Siw,  Randsemi  Cloth.     Wilk  vrry  Numtrtus 
HittstraHnni,  meslly  nductd  frtm  Working  Omwingi.      i  8j. 

"The  deuils  of  colliery  work  have  been  fully  described,  on  the  ground  ibat 
■oUieries  ate  mare  often  made  bemunerativb  by  perfection  in  small  hatteu 
lluui  by  bold  sirokej  of  engineering.  .  .  .  Ii  frequenlly  happens,  in  particular 
localitia.  Ihal  tbe  adoption  of  u  combination  of  small  impiovements.  any  ol 
which  tiewcd  xpnralely  may  be  of  appaicntly  little  value,  turns  an  UDpro&table 
concern  into  a  paying  one." — Exlratl /rom  AufAvt'i  Pn^aie. 


SaUQli  for  Goal ;  Bonne— wiouk  'pfliADcs  used— Dericet  employeJ  foueel 
af  deep  BoriDC— Special  oKhodi  of  Boriiifi— Milher  &  Flitl'i.  American,  u 
nilflDii — Acddaati  in  Qonac — Cati  at  Baruig— Uk  of  Boreholiur     Braaldni 
Tnnl.     TranimiHioB  of  Power:  Compreued  Aii,  ElECIiidly— Point  Mutunt  .  .  .  _ 
i(  by  Machtaeir—Cul  if  CmI  CuIlinE—Eipliwvei— filutiu  io  Dtt  and 

H,  Farm,  anil  Sue  of  ihaft —Operation  of  EelIl»doi*D  la  "  S(on'>^bead''— Mef 


— C«t  ofSiiikiDg.     PnlliBlai 


:  Rail*— Tuba- Hau 


4CUQC  Haulafe 
WlndluB;   Bl 


OLethodi^ — Sinking  rhnugh  Qidckjandi 
rriving  undergnwDd  Roadi — Supportii^ 

iaiui!  "MaOioSB  or  WoraUi*  SluH,  Pijlu/aod  Sobtiileiice— Botd  aad  Hl^Snum 
■■      •-    ■     ■     •  ......    t    „    1^  g,^  Method— Working  Sleep  Se 

, -^— , I"  together— Spontaaeoui  Combt 

;e  by  Home!— Self-aaiBg  I     '  "-     "' 1--... 

—Mud  and   Jul    Hope— tndlew   Chain    EatUen    Rope- 

Fnmei  -  Pullcyi — "^-p*- ^"f— ^■"'^■*— P"f  ***— rW.<Yii— ^ — 

£ipafi>ioa — Coadenutioa — Compound  Eimuiei—  Prevention  nf  Overwindinc— Calches  at  fHi 
up — Changing  Tubi — Tub  Coninllera— SisnaUlng.  Pampiiig;  Bndicl  and  Plunget 
Pumpt  _  ^pportjnjc  Pipe*  in  Shaft — VaJvti — Suspended  lilia  far  Sinking  "Cormch  ami 
Ban  Engjnet— Davey  aifleieniiiil  Engine— Wonhington  Pomp— Calcolationi  u  to  nie  of 
Pumpi— Draining  DcBf  Working)— Daaii.  VaDtUatleii:  Quantity  of  air  required— 
Gaiei  met  with  in  Miaei— Coal-duM— Lawt  of  Friciion- Produelion  of  Air-current*— 
Natural  Ventilation- Furnace  Veniilation- Mechanical  VentUalon— EfficicKy  of  Fani— 
Conpiiiun  of  Fumaca  and  Fact— Diitribu  lion  of  the  Air-current-  Meaiurement  of  Aii- 
cuirentL  lilghtis^:  Naked  Lxgliti  -  Safety  Lamp*  —  Modem  t^mpi  —  Conr^luaioru — 
I  __..,.  _  ^Qj  cleaning  Lampi-  Electric  Light  Undergmmd— Delicate  Indicalon,     Worka 

"  "'-in— Mechanical  Sloking — Coal  lionveyoci— Werkihopi,     FispaiaOiis 

ol  QOBl  lai  Kanat:  General  CanudenCioni— Tipplcn— Scraent— Varyine  the  Sim  made 
by  Screeoa-Ueln- Revolting  Table!- Loading  Shoti— Typical '" ■ '"- 


ilWanhing- 


'I  Quit. 


L 


nipplylng  it. 


-Cfl/itry  Cuantimn 
"Mr.  HuaKis  1 

but  few  men.     If  we  rniitake  i...,  .._  .... 

"•ytfta.-Tbt  lint  'large  ediijoli' af^  w 


Coal  Cleuing  — Briqueiiea. 

in  aim  ai  a  book  can  he  .   .    . 
>f  coUieriet.    The  iUiistraiioni 

,  and  Mr.  Hu&k«  pouenei 

irdially  remmmeod  the  worf 


LONDON:   EXETER   STEERT,   STRAND. 


aoiKItTiriO  AUTD  TECaSOLOQIOAL  WORKS. 
WORKS  BY  GEORGE  H.   HDRST,   F.C.S.. 


New  WiiRK  Hv  .Mil.  Hurst. 

COLOITR-THEOKT   AND    ITS    PRACTICAL 

APPLICATION   TO  PAINTING,  DYEINO,  and 
THE    TEXTILE    INDUSTRIES. 

In  Large  Cro«-n  Svo,      Wah.  Illustrations  ami   PinlcB  (ionio  in  Colours). 


'—Cinmil  ami  Umttul, 


HURST'S    PAINTERS'    COLOURS.    OILS,    AND 

VARNISHES  (.\  I'racLienI  Manual).     Second  Edition,  Revised  and 
Enlii^ed.     WilK  llluslrBtions.     ils.  6d. 

GsNERAi.  Contents.— Introduoiorv— The  Composition.  MANucACTuaa, 
ASSAT,  and  Analysis  of  Piqmhnts,  White,  Red,  Yellow  and  Orange,  Green, 
Blae,  Brown,  and  Black— Lakes— Colour  and  Paint  Machinerj— Fiinl  Vehiclei 
(Oils,  Turpentine,  Sc,  *e. )— Driers— V ah nishks. 

"Thii  uidul  book  will  ptove  most  valuaill"— CtmicaJA'RH, 

"  A  ^ractkal  DunuAl  m  e«ry  tetp«ct     ...     a: 

"  A  THonoBCMi-v  PKACTicAi.  book.  .  .  .  Ihc  OKLY  EnglUb  work  ihal  uliilacloiilT 
mall  af  tho  miau^turr  of  nili,  nioun.  and  piKmeDU." — ChtmUml  TraJr^  Jau'mU 


HURST'S  GARMENT  DYEING  and  CLEANING 

(.\   rraciicnl    Book   for   I'liiclical    McnI.       Wiih  Kumerou,  llli.slralinns, 

4=,   6d. 
Genekal  Contents. — Technology  of  the  Teilile  Fibres — Garmenl  Cleaning 
—toeing  of  Textile  Fibrics— Bleaching— Finishing  of  Dy«J  and  Cleaned  Fab-~ 
ScoininR  and  Dyeing  of  Skin  Rugs  and  Mal5-  "'  .  —    .        ._     . 

Glove  Cleaning  and  Dyeing — S 
and  Chemicals— Useful  Tables, 

"  An  up-To-PATa  hand  book  hai  lonK  bten  wulcd.  and  Mr,  Hum  hu  doae  nHhinc 
more  compleie  ihan  ihi>.    An  iDnotunt  work,  t^  more  u  thai  Kvnal  of  Iha  bruchaoT 


:  Kingdom"— 7V.x^JuSmr^. 


LONDON :  EXETER  STREET.  STRAND. 


■6  OHARLSa  OJtirFiy  A  CO.'S  PUBLWATtOSt. 

WOBES     By 

ANDREW  JAMIESON.  M.Inst.C.R,  M.LE.I 


PROFESSOE  JAMIESON'S  ADVANCED  K 

!«  Urgi  Crown  Svti.     FitUy  lUuilrattJ. 

1.  STEAM    AND    STEAM-ENGINES    <A    Text-Book  o). 

Fot  ihe  Use  of  SmJenls  preparing  for  Coaij}e(itive  Fiiminfirj 
With  over  300  lUusttations,  Folding  PUlcs,  snd  Examjaauoa  P^* 
Twelfth  Editiok.     Revised  and  hnUrged,  S/6. 

"Prfifcuor  JuEUHoi)  fuciiui«  the   nado-  bj   hu  u-kabhbh   op  mjujpiw  *■ 
viMVLiciTV  or  axrRKSsioK-     KW  irealraent  noUli  Th«  kciurinx  of  Faniter-" — Ar^^^ 
■■111*  Bkt  BooiyttpuWiititd  (orilitiueolSnulBiilv"— £-n*i»«T, 
"  UndDubicdly  ihi  MMT  VALUA.LM  AND  MOST  cOHrLm  H^d-bock  _  «•  alia 
■kit  now  eziiu --Warr-r  £-f,-«r. 

2.  MAGNETISM  AND  ELECTRICITY  (An  Advanced  Text- 

Book  on).      Specially  atraiiged  for  Ativojicfd  aiic]  "  Hoaours  "  Sludoia 

8.  APPLIED  MECHANICS  (Ad  Advanced  Text-Book  on). 

Vol,    I.— Comprising   Pan  I.:  Tbc  Principle  of  Work  »nd  ils  iPiia- 
lions;  Partll.;  Gearing.    Price 7s. 6d.    Second  Edition. 


Vol.  II. — CompriMng  Parts  111.  lo  VI. :  Motion  and  Energy:  Gj^Jlic 
Statics  1  Strength  or  Maieriuls;  Hydmulics  and  Hydrsulic  MidiiMflr- 
Price  7s.  6d.  lA'tmrnt^ 

PROFESSOR  JAMIESOH'S  INTRODUCTORY  MANUALS. 

H7rt  numtrour  IliluMralions  and  Einmixalien  P^fiers. 

1.  STEAM  AND  THE  STEAM-ENGINE  (Elementary  Tezt- 

B™kon).      h"oi  Kirst-VearSludents. ^ 

"QuHt  (he  maHTSoiLT  or  book."— ««fiMi 

2.  MAGNETISM  AND  ELECTRICITY  (Elementary  Tert- 

Book  on).     For  Firsi-Vcat  Studenti.     Foitrth  Edition.     ^  6. 

"  A  CAPITAL  TBXT-BOOK    -    .    .   Th«  dingrairu  aiv  BD  iniponaDI  fealurt," — ScA^^Mtttr^ 

"A  THOKOUCHLV  TRI'STWQUTHV  Te4t.|xjak.     ,     -  ArmneenieDt  i&  fcxi  A«  ^i 

can  be.    ■     .     .     DugnoiH  are  ako  uctllenl.    .  The  lubjtcl  iKtoufbtnil  maled  mt  ■■ 

3.  APPLIED  MECHANICS  (Elementary  Test-Book  on). 

Specially  arranged  for  Firsl-Year  Students.     Second  Editiok,     jill 


^K  Edltic 


A  POCKET-BOOK  of  ELECTRICAL  RCLES  and  TABLES. 

FOR  THE  USE  OF  ELECTRtCtANS  AND  ENGINEKRS 
Pocket  Siie,     Lealher.  8s.  6d.     Twil/rk  Ediiiitt_  'rvi™i  «nd  enlarged. 

LONDON:  EXETER  STREET.  STRAND. 


aOIBlTTIFIO  AND  TBCBNOLOOIOAL    WORKB. 


1  ■ppHred  In  Iba  Gngllah 


In  Two  Large  8vo  Volumes,  920 
pp.,  with  a  SUPPLEMENTARY 
Volume,  containing  Specimens 
of  Dyed  Fabrics.  Handsome 
Cloth,  45s. 


MANUAL  OF  DYEING: 


FOR    THE   USE   OF  PRACTICAL    DYERS,   MANUFACTURERS.   STUDENTS, 
AND  ALL  INTERESTED   IN    THE   ART  OF  DYEING. 

Ke-  KNECHT.  Ph.D..  F.I.C.,  CHB.  RAWSON,  F.I.C..  F.C.S.. 

^P  And  RICHARD  LOEWENTHAL,  Ph.D. 

Gknirai.  Contkntb.— Uhctnical  TecluioloKy  of  the  Toitile  Fkbrici— 
Wftter— Wuhiag  uid  Bleaching  —  Aui<Ia,  Allcaliei,  MordsDU  —  Nstunt 
Colouring  MatterB— ArtiGcisI  Oriiuiic  Colouring  Matters— Mineral  Coloui* 
— Uochinery  used  in  DyeiDg^Tinctorial  Propertips  of  Colonring  Matter* — 
Analyaia  and  Voluatioa  of  MoteriuU  used  iu  E)yeing,  Ac,  Ic. 


■e  i«"l='"»''l;[  ID  ilu  rWnJjlTBr 


LONDON  ;   EXETER  STREKT,  STRAND. 


i8  ORARLBS  OBIFFIN  *  OO.'S  FUBL/OdTtOSt 

GETTING     gold! 

A   GOLD-niNING   HANDBOOK    FOR    PBACTICAL  tSL 


3.    C.    F.    JOHNSON,    F.G.S..    A.r.M.E., 

lAlt  Xtnber  AD«nlH[rui  Uitw-MaDi^n'  AaaooluiniL 
Skoono  EiiiTiov,    Oroion Si-o,  «jr(ra.     With  m«*inuiow.    CUtk.U.VL 


"Should  pnne 
Uodl"— J'Viiansiai  ii™^. 

■' PKionoAL  (rotn  bMinnlngloenil    .    .    . .. .. 

aiBklng,  Cnuhinc,  ind  BitncLloD  uf  gald."— finl.  AHMrxaiutaH 

"  [Hncton  and  thoK  IntenKCtKl  in  bhe  toT ^-  -    - 

ohHB  Ml.  Johniiiti'i  budc*'— ilinnv  </»»"■•> 

"The  nadcr,  b«  ha  mloir  or  novice,  will  g*ln  from  Mr.  JohasDa'a  book 
goM  InduitiT.  — lifrioni  CVi'tic. 
~  In  SpacuUir  CO 


eretr  t>a«c   bMrtiM  vIA 
dull  Uuirou^ljr  «fth  [he  fn^ 

'Panles  iroulil  do  «<l  «t  tV 


St  Miking  tlnneau  an  the 
"  E<i  Jwilyitas  mll-aaturcd  prsdnot  oi 


.  who  huve  all)'  idsa  of 
□f  ^Dwltdge  diipland. 


NEW  VOLOME  OP  GRIPPIN'S   MINING  SEfttES. 
Edited  by  C.  LE  NEVE  FOSTER.  D.Sc..  P.R.3-. 


Mine  Accounts  and  Mining  Book-keeping, 

A  Manual  for  the  Use  of  Students,   Managers  of 

Metalliferous   Mines   and   Collieries,    and 

others  interested  in  Hiniofr* 

With  very  Nvmtroiis   ErnmplM  taken  from   l/te  Aetant  PrtKtioi 
of  leading  Mining  Cornpania  throughoui  the  world,. 


JAMES  G.  LAWN,  ABeoo.R.8.M.. 

MOT  at  Hlntng  *1  (h>  Sonch  Amrau  School  nt  IUuk.  Okpctomh  * 
In   Largt   8to.     Price  10«.  6d. 
LONDON  :  EXETER  STREET,  STRAND. 


SCIBSTIFW  AND   TEOSSOLOOICAh    WORKS. 

WALTER   G.    M'MILLAN,   F.I.O.,  F.C.S 


ELECTRIC  SMELTING  AND  REFfflNG: 

A   PRACTICAL    MANUAL   OF 

The  ExTKALTioN  AMj  Tbeathkn-t  of  -Metals  by  ELEcriticAj,  Mbthods. 

Being  the  "  ELEETBii-Mii;TA[.Luau]K"  of  Dr.  W.  BoucfiHts. 

Trannlated/rom  Ihe  Seeond  Orrman  Edition 

By    WALTER    G.     M'MILLAN,    F.I.O.,    F.O.S. 

In  liirge  8vo,  With  Numeroua  tllustrBlions  uid  Three  Folding- PUtee. 
Price  21b. 
■.■  TBI  PvuLmamia  Iwu  to  mil  ituntlon  to  thin  nlnsble  w«k.  Dr.  BOkauasa' 
tmtjie  la  fracticu.  IbroiutBouC.  11  nonSiiu  ItKlI  to  Olri  hnnch  ot  BlecLru-ChsinliUT, 
Til. :— EUiCtnoLiais,  a  lUbJecC  wlilch  li  diU/  bemmLnK  ol  more  ud  Dion  imponaucB  to 
thePractlcAl  MaUUurgiit  uiil  Hinursotiirer,    ALrearijln  the  eitnotlon  of  AlnmlnlDm, 

lut  tnkltig  tlM  plus  of  Hie  older  mcChodi.    Ur.  BOHCUEKS'  work  Ib  KkTiawredged  M  the 
■Uadird  luttaoritj'  on  the  lubjact  In  QenniDj. 

CONTENTS. 
PiBT  I.— Alkalies  amd  Alkalihk  Earth  Metalb  ;  Maeaea 
Lithiuni,  Beryllium,  Sodium,  Potosaium.  CalciDin,  Strontiiini,  Bariuin,  ^ 
the  Carbides  of  the  Alkaline  Earth  Metals.  Pabt  II. -Tuit  EaktB''] 
Metals  :  Alnmininm,  Ceriam,  Xiuitlutnuni,  Didyniium.  Part  IH. — Tas  I 
HsAVY  Metal-;  :  Copper,  Silver,  Gold,  Zinc  and  Cadmium,  Ueronry,  Tin,  1 
Lead,  Bismuth,  Antttnony,  Cbroniium,  Mulybdenum,  Tnogiten,  Uranium,.  I 
Uauganese,  Iron,  Nickel,  and  Cobalt,  the  Platinum  Group. 

"  COWBKHENSITK  Hnd  AtrrUOHtTATIVK     .     .     .     not  oulf  ri 


ELECTRO-METALLURGY  (A  Treatise  on):  | 

Embracing  the  Application  of  Electrolysis  to  the  Plating,  Depositing, 
Smelting,  and  Kefioing  of  various  Metals,  and  to  the  Repro- 

dueiioQ  of  Printing  Surtcea  and  Art-Work,  4o. 

Br    WALTER   Q,    M'MILLAN,    F.I.C.,    F.C.S. 

With  aiunorous  IlluBtr»tion».     Large  Crown  8vo.    Cloth   10s.  fid. 

"  This  excellent  treatise,     .     .     .     one  of  the  bkst  and  most  oohplbtb  ] 

lull  hitherto  published  on  Electro -Metallurgy." — EUetriait  Review. 

this  work  will  be  a  stanuakd."— /eioetf«r. 

Any   metallurgical   procesa  which   riddou   the  co»T  of  production   1 
_  t  of   ncoeuity   prove  of  great  oomiiiercial   importance.  '" 

eommend  this   manual   to  all   irho  are   interested   in   tb 
of  electrolytic  processeB."' — Xaliirt. 

LONDON:  E.\ETER  STREET.  STRAND. 
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MACKENZIE  (Thos.,  Master  Mariner,  RR.A.S.): 

PRACTICAL  MECHANICS:  Applied  to  the  Requirements  of 
the  Sailok.  Crown  Svo,  with  numerous  Illustrations.  Handsome 
Cloth.     3S.  6d.  [GHfim's  NautiaU  Seria, 

General  Contents. — Resolutinn  and  Comnoeition  of  Forcea— Work  done 
by  Machine*  and  Living  Aj^ents — The  Mechanical  Powen :  The  Lever; 
I>ernek»  as  Bent  Levers— The  Wheel  and  Axle:  Windlass;  Ship's  Capstan ; 
<'nib  Winch— Tackles :  the  "Old  Man -— The  Indined  Plane;  the  Screw- 
The  Centre  <if  Gravitv  tif  a  Ship  and  Cargo  —  Relative  Strength  of  Rope : 
Steel  Wire,  Manilla,  Aemo,  Coir — Derricks  and  Shears — Calciuation  of  the 
Crtiss-breAkinf;  Strain  of  fir  Spar— Centre  of  £ffort  of  Sails — Hydrostatics: 
the  Diving-bell ;  Stability  of  Floating  Bodies  ;  the  Ship*8  Pump,  &c. 

**  This  excellext  booe  .  .  .  contains  a  large  amount  of  information." 
— Xature. 

"  Well  worth  the  money  .  .  .  will  be  found  exceed! n'olt  helpful.''^ 
Shipi'iHff  World, 

**  No  Ship:»'  Officers'  b^wkcase  will  henceforth  be  complete  without 
Captain*  Mackenzie's  *  Practical  Mechanics.'  Notwithstanoing  my  many 
yeant*  experience  at  sea,  it  has  told  me  Aoir  much  more  there  is  to  acquire.*^— 
(Letter  tu  the  Publishers  fmm  a  Master  Mariner). 


MILLAR  (\V.  J.,  C  E.,  late  Secretary  to  the  Inst 

of  Kn^^ineers  and  Shipbuilders  in  Scotland) : 

LATITUDE  AND  LONGITUDE:  How  to  Find  them.     Crown 
Svo,  with  Diagrams.     2s.  [Griffik's  Nautical  Series. 

**  Concisely  and  clearly  written  .  .  .  cannot  but  prove  an  acquisition 
to  thti«ie  studying  Navigatit»n."-  Marine  Engineer. 

**  Young  Seamen  will  find  it  handt  and  useful,  simple  and  clear."—  The 
Eufpft^tr.  

Sbooitd  Edition.     Enlarged,  and  very  fully  lUuatrcUed,     Cloth,  4f.  6d. 

STEAM  -  BOILERS: 

THEIR    DEFECTS.    MANAGEMENT,    AND    CGNSTRUOTIGN. 

By    R    D.    MUNRO, 

Chi^  Engimmr  ^ftk4  i>eotti$h  BoiUr  Jnsmrmmet  amd  Enffine  Jnap^etion  Company. 

This  work  contains  information  of  tlie  tirst  imix>rtance  to  every  user  of 
Steam-jiower.  It  is  a  practical  work  written  for  practical  men,  the 
lan};uagc  and  rules  being  thronghont  of  the  simplest  nature. 

**  A  valuable  companion  for  workmen  and  engineers  engafced  about  Steam 
Boilen,  ought  to  be  carefully  studied,  and  alwats  at  hand.*'— Co^  Ouardiem, 

**The  book  is  very  useful,  especially  to  steam  users,  artisans,  and 
young  vitinneers,"— Engineer.        

Br  THE  same  Author. 

KITCHExN    BOILER    EXPLOSIONS:    Why 

they  Occur,  and  How  to  Prevent  their  Occurrence?  A  Practical  Hand- 
book based  on  Actual  Experiment.  With  Diagrams  and  Coloured  Plate, 
Price  3s. 

LONDON:   EXETER  STREET,  STRAND. 


MUHRO  ft  JAMIESQH'S  ELECTRICAL  POCKET-BOOK. 

Twelfth  Edition,  Revised  «nd  Enlarged. 

A   POCKET-BOOK 

ELECTRICAL   RULES    &  TABLES] 


F  ELECTRICIAN 


AND  ENGINEERS. 


JOHN  MUNRO,  C.E.,  &  Prof.  JAMIESON,  M.Inst.C.E.,  F.R.S.E. 
With  NumerouE  Diigianu,     Pocket  SUe.     LeiLtber,  8}.  6d, 


or  Hkasubemknt. 


BOBMARCNE  Cables. 
"Elictbo-  Chimistst. 


tiMtrift  Rnirw. 


:.       CONTENTS. 

E  LKCTRO-  M  ETALLCKGy . 

I         Batteries. 

j        Dynamos  and  Motom. 

I       Transformers. 

Electric  LicHTina. 

Miscellaneous. 

logakithms, 
I       Appendices. 

>.    Uunia   and   Juubwh'i   Pocam-Bi 


lUNRO  (].  M,  H.,  D.Sc,  Professor  of  Chemistry,] 

Downlon  College  of  Agriculture): 

AGRICULTURAL   CHEMISTRY  AND  ANALYSIS:   A  Peac.  | 
ICAL  Hanu-Booec  for  the  Use  of  Agricultural  Students. 


RYSTROM'S  POCKET-BOUK  OF  MECHANICS 

AND  ENGINEERING.  Revised  uid  Corrected  by  W.  Dennis  Mauks. 
ti.  B.,  C.E.  (vale  S.S.S.),  Whitney  I'rofessor  o(  Dynamical  Engineering, 
University  of  Pennsylvania.  Pocket  Size.  Leather,  15s.  TWEHTIKTM 
Edition,  Revised  ud  gnally  enlarged. 


LONDON  ;  EXETER  STREET,  STRAND, 


|3  OHARLBS  ORIFFIN  *  CO.S  PUaUCATlOlH. 

Demy    8vo,   Handsome  cloth,    18t. 

Physical  Geology  and  Palaeontology, 

OA    TEE    BAVIS    OF   P MILL  IPS. 


HARRY    GOVIER    SEELEY.     F.  R.S. 
Vnitb  f  conttaplece  in  abromo-XIIbofltapbE.  anb  SUuetratlotu. 

"ItisimpoaibleloDnuscioohighljihemeuch  which  Pkofkssok  ScklrtI 
'  PHVtiCAL  GtOLOGV  eridence*.  It  is  tkh  kou  thah  a  Text-book — ii  it 
a  UIRRCTOSV  to  the  Student  in  ptoseculing  bis  researches." — Pru$dttttiaX  Ai- 
drtaiel/ie  aniogical  SBculj,l%&$,ty  Rev.Pro/.BanniT  D.Si.,LL.D.,  F.R.S. 

"  pROFissoK  Sbeley  muntuas  in  his  '  Phvsicaj.  Geology  '  the  hi^ 
lepatUiOD  he  already  deservedly  bears  as  i.  Teachn, "  —  Dr.  ffouy  Waifl- 
Itarj,  F./l.S,,  in  lie  "  CiBlagita/  Haganmt." 

"  PkOFtssoR  S««,By's  work  includes  one  of  the  most  saiisf^tory  Treatiso 
on  Litholog;  in  the  English  language.  ...  So  much  that  is  not  accessible 
ED  alher  works  is  presented  in  this  volume,  thai  no  Stadent  of  GeoloQr  cas 
afloid  lo  be  without  il." — Atntriivt  Jeurmal  tf  Engintrrmg. 


D&my  8vo,  Handsome  cloth,   S4s- 

StratigrapWcal  Geology  &  Palaeontology, 

0J{    THE    BASIS    OF   PHILLIPS. 


ROBERT    ETHERIDGE,    F.  R.  S., 


iniitt)  Aap,  numerotie  Hables,  ant>  Hbtits-^ii  dates. 


'  Pkospectus  of  Ihi  aiwe  imfpriani  ivtri—periafi  tAr  MOST  RLABOKATI  */ 
t*r  kind  ntr  uriilm,  and  tnt  lalculaltd  It  gne  a  nnii  slrmglA  l9  tkt  stwuiy 
»f  GtnlBgy  in  Br  ilain — may  it  Ami  tn  apftualion  le  tki  Puiliihrn. 


1  iatii  Um 


It  wu  nmukable  foe  i 


LONDON :  EXETER   STREET,   STRAND. 
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BCIBNTIFIO  AND  TEOHNOLOOICA  L   WORKS. 

Painting  and  Decorating: 

A    (hmplete   Practical  Manual   for  Souse 

Painters  and  Decorators. 

Embracing  the  Use  of  Uateriala,  Tools,  and  Appliances;   th»9 

Practical  Processes  involved ;  and  the  General  Principles 

of  Decoration,  Colour,  and  Ornament. 


WALTER    JOHN    PEARCE, 


In  Crown  Sva.  extra.     With  Nuraeroos  1 1  lustrations  and  PUt«l 

(lomo  in  Cotoura}.  including  OrigLDul  Deaigns,      12a,  6d. 

*.*  Mr.    Pearce'h  work   ia  Che  outcome  of  many  yesra'  pra^ tioal  e.. 

periencu,   and  will  be  fonnd  inv&Iuable  by  Hill  iDteresled  in  thu  subjeuts 

of  which  it  treats.     It  forms  tfae  Com  pan  ion -Volume  to  Mb.  Ubo.  Hur— ''    ' 

well-known  work  on  "  Pain-ters'  CuLOi?&a  "  (see  p.  25l. 


I 


Open-Air  Studies  in  Botany: 

SKETCHES    OF    BRITISH    WILD    FLOWERS    IN 
THEIR  HOU£S. 

R.    LLOYD    PRAEUER.    HA.,    M.RI.A, 

Ulustrated  by  Drawings  ffom  Nature  by  S.  Rosamond  Praeger,  ] 
and  Photographs  by  R.  Wel.-h. 

In  Crown  8vo.  exCru.  Handsome  Clotb,  7b 
Gilt,  for  I'reaeotation,  hs,  6d. 
GeNKBAL  CoNTBNTS. — A  Daisy -Starred  Pnnta  re— Under  the  Hawthorns 
— By  the  Kiver — Along  the  Siiingle — A  fragrant  Hedgerow— A  Conaemani 
Bog — Where  the  Samphire  growa — A  Flowery  Meadow — Among  the  Com 
(»  Study  in  Weeds)— U  the  Home  of  the  Alpmea— A  City  KnbbUh-Hcap— 
Qlossary. 

"  A  Piti:aR  iSD  ^niiiTLATiND  )mot    .    .    .    ahonlil  taka  a  lilgh  Finn 
miuilt«tloi)« «  '""  "      '    "" 


of  the  klud  we  hiTS  tiwi,-~AUunumun. 

.  with  tJie  BCenl  ol  wnoilUnit  anil  mraiio*. "— rfcf  SlaiuUinl. 
ot  9TUIIil.lTtlca   uiil   UKLianTrL-L  chapter)  ou    fluid- Botan)r."~7IM 

,*  Companion .Talumo  to  Prof,  li 


L 


LONDON:    EXETER  STREET,  STRAND. 


OBABLMS  ORIFFUi  *  OO.S  FOBUCATIOMS. 


ELEMENTS    OP    METALLURGY! 

K  PRACTICAL  TREATISE  OK  THE  ART  OF  EXTHACTIH6  METALS 

FROM  THEIR  ORES. 

Bt  J,  ARTHUR  PHILLIPS,  M.Inbt.O.K,  F.C.S.,  F.G.S.,  *c 

And  H.  BATJERMAN,  V.P.G.S. 


aSMERAL     CONTENTS. 


Tin. 
",*  M»ny  iroVjiBH 


CoWlt. 
NickeL 
Silver. 

Gold. 


).  ilealioe  with  new  Pr»oa*ei  uid  Devriaf*"*"^ 
wiU  b«  found  in  tlw  Third  Edition. 

"OF  tha  Thibd  ElitrtOM.wr  %n  atill  able  to  ea;  thst,  u  >  Teit-book  ol 
UotkUurgy.  it  i»  thb  BEbT  with  which  we  are  acquainted.'— finjjiiiet*'. 

"The  value  uf  thii  work  ia  almost  iaetlimablt.  There  can  be  no  qoertion 
that  the  amount  of  tiue  and  labour  bvstowed  on  it  ia  enoimoiiL  .  .  .  Then 
ia  cartaiolj'  no  Metalluieical  Traatlae  ia  the  Ungiuge  caloalated  to  {irove  o( 
mch  genenl  utility. "—JftHinp  Journal. 

"  Id  thia  niust  uaefiil  and  handaame  volume  ii  condensed  a  large  amuttnt  of 
Taluable  prutical  knowledge.  A  carefnl  study  of  the  first  diviuon  of  the  book, 
on  Fuels,  will  be  [oand  to  be  of  great  value  to  evec?  one  in  training  for  the 
practical  applioatiom  of  our  *cieDtiGa  knowledge  to  any  of  our  nietallDrgical 
operatiao  «.  — ^  Utmirum. 

"  A  work  which  ia  equally  valuable  to  the  Student  as  a  Teit-book^and  to  the 
pnctioal  Smelter  aa  a  Standard  Work  of  Reference.  .  .  .  The  OluBtiatinii* 
an  admirable  aiamplei  of  Wood  Engraving.'' — Chaaical  Nan. 


POYNTING  (J.    H.,  Sc.D.,  F.R.S.,  late    Fellow 

of  Trinity  College,  Cambridge;   Ptoressor  of  Phyaics,   Mason  College, 
BirmingbaTn) : 

THE  MEAN  DF.NSITV  OF  THE  EARTH:  An  Essay  to 
which  the  Adntns  Ptae  was  adjud^  in  1893  in  the  Univeisiw  of 
Cambridge.  In  targe  Svo,  with  Bibliography,  Illustniiians  in  the  Text, 
and  seven  Lithograpbed  Plates,     izs.  6d. 

HUul.  bimiUi  li  Ihli  the  CH*  wbeu  (Ijc  ■ccxxiqI  ib  itica  bf  oai  wba  lui  Kntribntid  » 
ojnililcnl)!)  u  hu  Fn>r.  "u^iitlu  la  our  i>rkdi  naU  ol  InwBtHin  wMi  tmata  Is  a  na 
dLOrnlE  ptibject.    -    -    .    AouuTtftUr  hM  Nunlun  t  aitliaat*  been  TnUedhj  Prof  FarDtinir,*— 

POYNTING  and  THOMSON:  TEXT-BOOK 

OF  PHYSICS.      (See  under  ThomsBn). 

LONDON:   EJtETER  STREET.  STRAND. 
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WORKS     BY 

J.  MACQDORN  RANKINE,  LL.D,,  F.R.S., 


W.     J.     MILLAE,     C.E., 

•e  Secritaiy  'c  I^*  l">titutt  of  £nslnitrt  and  Shlpbulliliri  In  i 


I.  A  MANUAL  OF  APPLIED  MECHANICS : 

Compriaini;  th«   Principlea   of  St«tics    and    Cinem&tica,   and   Thaory   of 

StTDCtures,    MechuiiBin,  and  Mactuneii.     With  Nnmeroua  DiajTama. 
Crown  8vo,  cloth,  12b.  6d.     Foceteesth  Edition. 

n.  A  MANUAL  OF  CIVIL  ENGINEERING : 

Compruinf!  En^tiueemi;;  Surveys,  Earthwork,  FoundatioDH,  Maaonry,  Car- 

Smtry,  Metial  Work,  Roads,  l{ailwa.yg,  CaoaU,  RiverB,  Waterwot^ 
arbourB,  kc.     With  Numerous  Tubles  and  Dtustratiouti.     Crown  8vo, 
cloth,  16a.     Twentieth  Edition. 

III.   A  MANUAL  OF  MACHINERY  AND  MILLWORK  : 

CompriainK  the  Geometry.  Motionn,  Work.  Stn^ngth,  Construction,  and 
Objeute  of  Mi>cliine»,  &c.  Illustrated  with  oearly  3U0  Woodcuta. 
Crowo  8vo,  cloth,  12».  6d.     Skvesth  Edition. 

IV.  A  MANUAL  OF  THE  STEAM-ENGINE  AND  OTHER 
PRIME  MOVERS: 


V.  USEFUL  RULES  AND  TABLES: 

For  Architecta.  Buildem,  Engioeeta,  Founden,  Mechanica,  Shipbdldara, 
Surveyors,  tc.  With  Appekdix  for  the  use  of  Euccttkigil  EiiOiNUEt. 
By  Profeesor  Jamikson,  K.K.S.E.     Seventh  El[tiiin.     lOs.  6d. 

VI.  A  MECHANICAL  TEXT-BOOK  : 

A  Practical    and   Simple    IntroiloctiDn    to   the   Study  of    Mechuiici.      Bf 
Professor  Rankink  an<l  E.  F.  Bahbek,  C.E.     With  Numcrout  Illua- 
trationB,     Crown  Svo,  cloth,  tta.     Fodbtu  Emtion. 
*,*  TAj  "  MicBuicii.  TiiT-RonK  "  Hni  daitKtd  (|r  PcolHMor  JtUKiH  ai  en  iMwat 

LONDON:   EXETER   STREET,   STRAND. 
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Pior.  Ramkinb's  Works— (CMrtnHM^ 

VIL  nSCELLAMEOUS  SCIENTIFIC  PAPERS. 

Royal  8to.    Cloth,  31i.  6d. 

Ptet  L  Papers  relating  to  Xemperatnre,  Elasticity,  and  Expansion  of 
Vi^nrs,  Liquids,  and  Solids.  Part  IL  Papers  on  Energy  and  its  Tram- 
formations.     Part  IIL  Papers  on  Wave-Forms,  Propnlsion  of  Vessels,  kc 

With  Memoir  by  Profenor  Taft,  M.  A.  Edited  by  W.  J.  Millab,  CE. 
With  tine  Portrait  on  Steel,  Plates,  and  Diagrams. 


No  man  cnduriBf  McBwnal  of  Piofcjtui  Raakmr  oooU be diiiiud  than  tike public»- 
of  thew  Papers  in  an  acccnble  form.  .  .  .  The  CoUectioa  is  most  TiJnable  cm 
it  of  tke  nature  of  his  discoveries,  and  tke  beauty  and  ooaipleteneas  of  his  aaalyas. 

.     .    The  Volume  exceeds  m  iBponaace  aay  work  \m  the  laiue  depMtBMnt  publiiheit 

our  tioM  "—Afxkittct. 


CALCAREOUS    CEMENTS: 

THEIR  NATURE,  PREPARATION,  AND  USES. 
By  gilbert  R.  REDGRAVE,  Assoa  Inst.  C.E. 

With  Illustrations.     Ss.  6d. 

General  Contexts. — Introduction — Historical  Review  of  the  Cement 
Industry — The  Early  Day-i  of  Portland  Cement — Composition  of  Portland 
Cement  — Processes  of  MANL'KAcrrRE— The  Washmill  and  the  Backs — 
Flue  and  Chamber  Dr\'ing  Pa)ces>es — Calcination  of  the  Cement  Mixture — 
Grinding  of  the  Cement — Ci»m|X)5ition  of  Mortar  and  Concrete — Cbment 
Testing  —  Chkmical  Analysis  of  Portland  Cement,  Lime,  and  Raw 
Materials  —  Employment  of  Slags  for  Cement  Making  —  Scott's  Cement, 
Selenitic  Cement,  and  Cements  pnxluced  from  Sewage  Sludge  and  the 
Refuse  from  Alkali  Works  —  Plaster  Cements  —  Specifications  for  PortUnd 
Cement — Appendices  (Ga^s  Evolved  from  Cement  Works,  Effects  of  Sea- 
water  on  Cement,  Cost  of  Cement  Manufacture,  &c.,  Sec) 

**  A  work  calculated  to  b«  of  gbb^t  and  extkxdkp  utilttt."— Ckmiica/  .Veirt. 

»•  Iktalcablb  to  the  Stod^nr,  Architect,  and  Engineer."-  Buildimg  .Vert. 

**  A  wurk  of  the  orbatxst  ihtbbest  and  rsEPiLXBM.  which  appears  at  a  ibtj  oritleal 
perioil  of  the  Cement  Trade."— Bn/.  />•*/*  Journal. 

**  Will  be  aaefnlto  All.  intereeted  in  the  MAsrrACTCRB,  usb,  and  TBtmro  of  Cements.'*— 
Bnginser. 


LONDON :  EXETER  STREET,  STRAND. 


SOIBNTIFIO  A^D  TSGHNOLOOWAL  WORKS. 


psxieoi^ETJiMi: 


AND    ITS    PRODUCTS: 

PKACXXCAIj     XREA'riSE. 


L...... ........ 

^M  F.R.S.E.,  F.I.C.,  AsBoc.  Isst.  C.E.. 

^^F^  SocJotJ  :  ComuluDg  AdrlH 


^q  Oiirpontlou  ol  LaD4i 


AsaiSTBD   B 


GEO. 


HOLLOWAY,   F.LC,  Assoc,  R.C.S., 
And  Numerous  Contributora. 
In  Two  Volumes,  Large  Svo.     Prioa  458. 
lltb  numeioud  /Kapg.  plates,  aiiS  jUustcatlons  In  ibe  Sett* 


GENERAL    CONTENTS. 
I  Qensral   Historical   Acco 
Che  PeCrolenm  InduBtrr. 
H.  Qeologlcol     and     Geographical 
DlBtributloo  of  Petroleum  and 
Natural  Oas. 
ni.  Chemical    and     Pbr ileal     Pro- 

pertlee  of  Petroleum. 
IT.  OrlglnofPetroleamandNatural 


of   Vltl.  Transport.   Storage,  and   Dli- 
trlbutlon  of  Petrolenm. 
IX.  Teatlng  of  Petroleum. 
X.  Application    and    TtBCi    of 


XI.  Legislation   on    Petroleum   at 

Home  and  Abroad. 
xn.  Statistics    of    tbe     PetroUnm 
ProdaotlOB  and  the  Petrolaum 
Trade,   obtained    from     the 
most  trustworthr  and  oOaUl 


Oas. 

V.  Production     of 

Natural  Oas,  and  OxolCBrlte. 
Tl  The  ReflnlDg  of  Petroleum. 
Vn.  The  Shale  OU    and  Allied   Ir 
dUBtnes. 

"  Tbe  MiiST  COUP  REH  EN  HIVE  AND  CONTENIKNT  AccoDm  that  hos  jtt  appeared 
of  a  gigantic  indiutty  which  has  made  inoaloulable  oddltiuus  to  tbe  conuort  of 
civiliaed  miD.    .    .    .    The  cha|iteT  dealing  with  the  arrange       "' 

LATION  on  the  Bubjpct  cs 


lotbutpru 


"This  .  _ , 

.  .  moat  fully  and  ably  handled  .  .  .  could  only  bave  b»n  produced 
1^  a  roan  in  the  very  eiceptional  position  of  the  Aatbor.  .  -  .  IfVDlsptN. 
SABLK  til  all  who  have  to  do  with  Petroleum,  its  aPflIoaTIONS,  HABOrACTDBK, 
BTOHAGB,  or  THAHBPOBT." — .^iiiRj;  Journal. 

"  We  must  concede  to  Mr.  Redwood  the  dittinctitui  of  haviuft  prodnoed  a 
trealias  which  miist  be  admitted  to  the  rank  of  the  ibdibpkxbablkb.  It  oon- 
laius  THE  LAST  WOHU  that  con  be  said  abont  Petmleum  in  any  ot  its  SCIKlinna, 
TEoaiJicAL,  and  leoal  aapecta.  It  would  be  difficult  tu  conceive  of  a  more 
comprehensive  and  explicit  account  of  the  geali>gical  conditiaDii  muooiated  with 

the  snppLT  of  Petroleum  and  tbe  vt --'  "-' '  '■- -* 

—Journ.  of  Oat  lAgkting. 
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Uliulnlnl  b7  •  luiv  QUinbef  of  «ctiu 
MpBcitlly  from  ihijMof  Ihc  MercAntilv  kiuuic 

The  work  will  thtiM  be  found  to  conidtule  tht  moil  eaDipcvheiuaTB  bid  ei 
bilhuto  ptBHDUd  to  Lht  FnfeuiDS  on  tba  SdtDU  oT  lb*  Staiiutv  or  Sh 


.     ,  ,     ,  expUuied  wiu  dije 

HBAeet  can  uid  ■ccancv ;  tbe  Suip-dkauchtbhaji  will  find  ftlL  the  mediodi  of  ctlcuUcifn  H 
piHni  in  me  FdUy  c^buned  and  iUuKTiitad,  uid  ■ccBHnanied  br  rfae  T»bJei  kod  F«bb 
ouloTcd  1  lbs  SHirowHU  will  find  tlie  variuknu  in  ilw  SdUlitr  of  SUpt  due  lo  diireicnDei 
ki  lormt  ud  diracnAou  ^Ut  dticuiMd,  UMi  the  deviu  bf  vhtch  Ibe  lute  of  his  ihipa  uodv 
■11  eoaditiaai  but  bo  ■nptilcally  repiwated  wi  cmnly  uBdcnloed :  ih(  Naval  Aichitkt 
will  And  bnu^i  Eofethcr  ■nij  n>dy  id  hii  haod,  a  diau  of  iafcAAiatioa  whjcb  he  would  oth«r> 
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"Tlw  nduvc  ii  Aa  abkhtial  ova  for  tb«  ihipbviMinE  profcouoiL 
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Handbook.     {Gri0n'j  TitkHoiogiiat  Manualt.) 
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PRACTICAL  SANITATION: 

A  HAHD-BOOK  FOU  SAmTABV  IHSPECTORS   AUD  OTHERS 

ll/TERESTED  IH  SAIHTATIOH. 

By   GEORGE    REID.    M.D.,    D.P.H, 

Ftllcm  t/  Ikr  Samilary  fiuUlult  af  Grial  BrilaiH,  aild  Mt^imt  Qffittr, 
Sitffordikirt  Civtiji  Cimncil. 

HQitb  8n  BppenMi  on  SanttATfi  law. 

M.B.,     D.P.H., 

*/*  flf  Will  Sn»-nadL 
G EN BitAL  Contents. — iDlroductioo — Water  Supply:  Drinking  Water, 
Pollution  of  Water— Ventilation  and  Wanning  —  Principles  of  Sew»ge 
Reinoval  —  Details  of  Drainage  ;  Refuse  Kemoval  and  Disposal^  Sanitary 
and  Insanitury  Work  and  Appliances — Details  of  Plumbers  Work — House 
Conslniction  —  Infection  and  Disinfection  —  Food,  Inspection  of  j  Charsu:- 
teriiCics  of  Good  Meal ;  Meal,  Milk,  Fish,  &c..  unfit  for  Human  Food— 
Appendix  :  Sanitary  Law ;  Model  Bye-Laws,  &c, 

"A  VERY  UEEfui.  Handbook,  with  a  very  useful  Appendix.  We  recoinmend 
h  not  only  lo  Sanitaky  Inspectoms,  but  to  Householdeks  and  all  intsresled 
in  Sanitary  matters," — Sanilaty  Rttord. 


In  Lar^  %va.  Handsome  Cloth. 


DISINFECTION    &    DISINFECTANTS 

(AN   INTRODUCTION    TO    THE  STUDY  OF). 


Bv   SAMUEL    RIDEAL,   D.ScLond., 

Eiwrnnei   in  Ch.minry  lo   iht    Kti>>l  Lolleg.  of  Phyiiciit 
Cheniiuy,  St,  GcDrgi'i  Hoi)>iul  Medical  Scbo 
With  Folding-Plate  and  Illustrations  of  the  most 
Appliances, 

minailUoii  uC  DiBii'nimim.  Tba  prtHmt  tdIddm  will,  tbirifni 
HI  rail  not  ooIt  bi  Ibi  chuain  ud  bkcMriolocln,  bat  itlio  by  Uiu 
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A  MANUAL  OF  AMBULANCE. 

Br  J.  SOOTT  BIDDELL,  C.M.,  M.B.,  M.A.. 

Aiallllut-SunHil),  AbwilHn  Boril  Innrmarr:  LcrUirer  taa  Eumlau  Ig  Uic  AWdos 

AnhuliniT*  AbucUIIoh  :  KiimliiFr  to  Um  SL  Andnw'i  Ambnluini  AiucUIIno. 

Cltiwuw.  uid  lUe  Bl   John  AmbulaUM  AHDCittlan.  Landnn. 

With  Numvou*  llluBtrationa  and  Full  Page  Platen. 


General  Contents. — OutUnex  of  Uunuui  Aoatomj  uid  Phyiiolosnr— 
The  TriuiguUr  KarKUge  and  iU  Use*— The  Roller  Bandage  and  iU  Vk» 
—  Fraoturea— DiiilouBtlalii  and  Sprain*— HKmorThage — tt  onnda- Inienai- 
bility  Had  Fit« — A«|>h7xia  and  Drowning-  8iiflocation~Pou!onine-'Bnni>, 
Ooat-liite,  and  Sunstroke — Removal  of  Foreign  Etodiet  from  (n)  The  Rjt: 
\h)  The  Kars  {(■)  The  Noee;  (d)  The  Throat;  (i)  The  Ti fumes— Ambnlance 
Traniport  and  Stretoliei  Drill— The  After-treatment  of  Ambulance  Patient* 
— Organiaation  and  Manaf^ement  of  Ambulance  Clasaea —Appendix  :  Bi- 
unloation  Papers  on  Firat  Aid. 
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A  MEDICAL  AND  SURGICAL  HELP 

FOR     SHIPMASTERS    AND     OFFICERS 
IN     THE     MERCHANT     NAVY. 

FIRST  AID  TO   THE   INJURED. 

By    WM.    JOHNSON    SMITH,     F.R.C.S., 

PltncliHl  Hidlol  ua<»r.  Sunian'i  HmpIUI.  r.lHDWltib. 

with  Coloured  Plates  and  Numerous  llluetrationa. 
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STANDARD  WORKS  OF  REFERENCE 


Che  Metailurgrlcal  Industries. 
ROBERTS-AUSTEN,  C.B..  F.R.S., 
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^B.  IITTBODTTCTIOIT  to  the  STUDY  of  METALXiUBO-T. 

^^K  By  the  EorTOR.      Foi;kth  Ebition.      Reviscl   iind   Enlarged, 


ofi 


o-PholDEraphic  Plates  of  UiJtt 
Sleel.  and  tcilding  Plate.      155. 
"  No  English  (cil-book  at  ill  approaches  this   in  the  coufi.ETKNKSS  with 
which  the  most  modern  "leu's  on  the  subject  are  dealt  with.     Profeuor  Austen's 
voluin*  will  be  invali;able.  not  only  to  ttie  student,  but  also  to  those  whose 
knowledge  of  Iba  an  is  far  advaoced.  "—fTtcMicdi  jVmr. 

"  Invaluablk  lolhcEiudent.    .    .    .     Rich  in  matter  not  to  be  readily  fouiul 
elsewhere. " — Alhrnaum. 

"  This  volume  amply  realisea  (he  cjcpectationa  fonned  as  to  (be  result  of  thi 

ception  and  For  the  large  amount  of  information  which  It  contains.     .     .     .     We 
recommend  every  one  who  desires  information  not  only  to  consult,  but  to  studT 

"  Prof.  Robert!!. Austen's  book  marks  an  epoch 
of  roeiallurgy  in  this  country." — Induifria. 
2.    GOLD    (The    MetaUurgy    of).      By  Thos.   Kirke   Rosb, 
K.S.M.,  K.I.C.,  of  the  Royal  Mint.    Second  EniTiON, 


(Sec 


4.1  !■ 


Of). 


By    Thos.     Turner,  I 
;c  p.  so). 


II  U  pKhliikid  al  Sk-r, 


.    STEEL    (The     MetaUurgy    of).      By    F.    W.    Hakbord,  I 
Amoc  R.S.M.,  F.l.C.  ■ 

.    COPPER  (The  Metallurgy  of).      By  Thos.  Gibb,  Assoc 

Roynl  Sch^iol  uf  Minci. 

.   METALLTmaiCAI,  MACHIWEBT :    the  Application  of  j 

EnginecrinE  to  Metallurgical  Problems.     By  HeNRV  CHARLES  JBNKINI,    , 
Wh.Sc,  Assoc.R,S.M.,  Asioc.M.lnst.C.E.,  of  the  Royal  Mbt. 
.  AliLOTS      By  the  Editor. 

'.*  Other  Volumes  in  Preparation. 
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HYDRAULIC   POWER 
HYDRAULIC   MACHINERY. 


HENRY    ROBINSON.    M.   Inst.   C.E.,    F.G.S.. 


Witt)  numerous  1ICloo^cuts,  and  Sfits«ntne  Plata 


General.  Contents. 

I>ischaree  through  Orificn— GsngniB  Wal«  by  W«i« — Flow  of  Wwei 
through  Pipes— The  AccumuUtoi  — The  Flow  of  Solids— Hydraulic  Pre$set 
uid  Uds— Cyclone  Hydraulic  Baling  Press—Andetton  Hydraulic  Lift- 
Hydraulic  Hoists  (Lifts)— The  Otis  tleratot- Mcrwy  R»ilway  Lifts— City 
and  South  Londoo  Railway  Lifti — North  Hudson  Counn  Railway  Eleralot— 
Lifts  lor  Subway >— Hydraulic  Ram — Peaisall'i  Hydraulic  Engine — Pampine- 


i  Hydraulic  Rivetler — Hydraulic  Joeeling 
Tweddell'i  Punching  and  Shearing  Machine — Flanging  Machme — Hydiaulk 
Centre  Crane — WrighlkOn's  Balance  Crane— Hydraulic  Power  at  th«  Forth 
Bridge — Cranes— Hydraulic  Coal-Dischaiging  Machines^HydrauIic  Drill- 
Hydraulic  Manhole  Cutter- Hydraulic  Drill  at  5l.  Golhud  Tunnel— Motoia 
Wllh  Variable  Power — Hydraulic  Mnchineiy  on  Board  Ship — Hydraulic  P<mdU 
and  Crossings- Hydraulic  Pile  Driver— Hydraulic  Pile  Screwing  Apparatus — 
Hydraulic  Eacavalor- Balls  Pump  Dredger— Hydraulic  Power  applied  to 
Bridges — Dock-gale  Machinery — llydraulic  Brake — Hydraulic  Power  applied 
to  Gunnery— Centrifugal  Pumps — Water  Wheels — Turl)ines— Jel  Propalxian — 
The  Gerard-Barri  Hydraulic  Railway- Greathead's  Injector  Hydrant — Snell'a 
llydraulic  Transport  Sytlem—Greath cad's  Shield— Grain  ElcTalot  at  Frank- 
fort-Packing— Power  Co^operal ion— Hull  Hydraulic  Power  Com^ny— 
London  Hydraulic  Powei  Company— Birmioghani  Hydraulic  Power  System 
— Niaeaia  Falls— Cost  of  Hydraulic  Power— Slelets— SchOnheydet's  Pressuic 
ReguUto.     ■-".--.-i^..     - 
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GBIFFLN'8    HETAXiLUBGICAIi   SEBIES. 
SB0Oin>  SsiiioN.     large  Btd.     H&nilMinB  Clotli.     21s. 

THE  METALLURGY  OF  GOLD. 


T.  KIRKE  ROSE,  DSc.  Assoc.K.S.M.,  r.I.C, 

^ilutont  Auayrr  of  t/ie  Soi/ai  Mint. 

Ravieed  and  pnrtly  Re-written.      Including   the   most  recent  Improv 

tnetita  in  the  CvBinide  Pracsaa,  itnd  n  new  Chapter  on  Economic 

Considerations  (J^tanagemeDt,  Cast.  Output,  i.c.).     With 

Froutiapiece    and    additional    HI  u  at  rations. 

LSAI^ING    FEATUBES. 

1.  Adapted  for  all  who  ore  intereBted  i 
free  fmm  techuicotitiee  as  for  u  pouiljle  ; 
the  induitry— viz- ,  loill- managers,  reductii 

%  The  wbole  gronnd  implied  by  th< 
coTeied  with  equal  core ;  the  space 
bronchiis  of  the  lubjeGt,  oocording  to  their  relative  imp»rtwiae. 

3.  The  MicAbtBUH-ForRf^t  Ctahide  Prdoesh  a  (11II7  described  tor  Ihi 
Gnt  tiine.     By  tbia  proctWB  orer  £2,000,1100  of  gold  per  onniun  (at  the  nte  of|  v 


term  "  MetaUurgy  of  Gold  "  ha.  b 
B  Carefully  appnrboaed  tr  '^'  ""-^ 
eir  relative  ' 


low  beini 


nxtraoted.  or  nearly  UD«-tenth  of  the  total 
■    n  18S7.  hiu  onlv  bad  short  nowi 
prtviously.      The   chapters    have  been    nuhmitted 
*      "   ' '  '10  freed  from  all  poiiible  inBCCiinw; 


orld's 


product]  01 
revirod    by,  Mr. 


MacArthur 

4.  Among  other  new  prooosaea  not  previouely  described  in  a  teit^book  are — 
(1)  The  miidt;m  barrel  chlorination  proceM,  iiractjeed  with  great  snccess  in 
Dakota,  where  the  Black  Hills  district  is  undergoing  rapid  development  owing 
lo  its  introductjon.  (2)  New  proceeaM  for  separating  gold  from  silver— vit,  the 
new  Gutikow  process,  and  the  Electrolytic  process  ;  the  cost  of  separation  is 
reduced  by  tbem  by  one-balf . 

5.  A  nflw  feature  is  the  description  of  exaot  hEthoi^s  employed  in  particular 
•ztraction  works— Stamp- batteries  of  South  Africa.  Auatralia,  New  Zealand, 
Colifomia,  Colorado,  and  Dakota;  Chlorinatian  works  olsOjjn  many  port^  of 
tin  world  :  Cyanide  works  of  S.  Africa  and  New  Zealand.  'ITicie  accounts  ar* 
if  ^wcial  value  to  practical  men. 

k  4.  The  bibliography  it,  the  first  mode  since  188Z 
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lor  Frintint— A|ipc»dii— Uwfnl  Tables— Patteroa. 
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A    MANUAL    OP 

MARINE  ENGINEERING: 

COMPRISING   THE   DESI(;NIN(J,  CONSTKUCTJUN,  AND 
WORKING   OP   MARINE   MACHINEHY. 

By   A.    E.  SEAT  ON,   M.  Inst.  C.  E.,  M.  Inst.  Mech.  E.. 
H.Inst.N.A. 

GENERAL     CONTKNTS. 
Part  I,— Ppineiples  of  HaFine  l        culatlons    for     Cylinders, 

Propulsion.  Plsions.  Valves,  Expan'" 
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'   inrl  of  Sanitnry  Sapervision  respectivoly,  combining  to  render  the  Dictioa 
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ml 'in  thti  Wnrkll  i^rvriHiit.-- U-'Ueal  Timu  > 
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